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O* MARCH 4, 1957, the spirit of Evarts Ambrose Graham passed quietly 
into that select Valhalla that shelters the shades of the truly great. 
Death with tragic irony resulted from bronchogenic carcinoma, a disease he 
had studied for over a quarter of a century, and a malady which he had bat- 
tled so valiantly and successfully to conquer and control in others. Insidious 
in onset and hopeless at the time of discovery, his disease progressed with 
merciful rapidity. Aware from the beginning of the diagnosis and its terrible 
portent, he faced the issue with awe-inspiring equanimity. Not once did he 
manifest the slightest degree of bitterness or self-pity. With serene objec- 
tivity he sublimated all concern for self to an amazingly critical contemplation 
of cancer in general, and of lung cancer in Evarts Graham in particular. He 
was much more concerned by the fact that he, a nonsmoker for seven years, in 
developing the disease might have invalidated his own etiological contentions 
than he was by the prospect of dying. 

Born in Chicago on March 19, 1883, he attended public schools and the 
Lewis Institute. He graduated from Princeton in 1904 where early in his 
undergraduate period he decided to devote his life to a surgical career. It 
was at Princeton that he stated his oft-quoted determination ‘‘To do major 
surgery, to engage in research work, and to have a eclinie of younger men who 
would be interested in studying and developing ideas.’’ This cogent capsule 
contains the essence of the great surgical saga that was the life and career 


Portions of this Eulogy were presented before the Society of Clinical Surgery in New 
York in October, 1957, but not published. 
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of Evarts Graham. All of the fine panegyries that will be penned at the end 
can add little to what he so confidently said of himself at the beginning. In 
1907 he received his M.D. from Rush Medical College where his father, Dr. 
David W. Graham, was a teacher of surgery. Following graduation he in- 
terned at the Presbyterian Hospital in Chicago for one year. He spent the 
following year as a Fellow in Pathology at Rush. Dissatisfied wjth the tra- 
ditional surgical training of that era, he did special work in chemistry and 
physiology. Working with Woodyatt, Carlson, Wells, and others, he acquired 
a broad background in the basie disciplines which did much to inspire and 
shape his later career. It was during this period that he met Helen Tredway, 
a graduate student in chemistry. They were married in 1916. Dame fortune 
smiled often on Evarts Graham, but never more warmly than when this gra- 
cious and brilliant lady agreed to share his life. She created the cultured 
orderly home so necessary to the success of a busy scientist and surgeon on 
the one hand, and on the other earved out for herself a distinguished career 
in teaching and research. 

In 1915 he entered private practice. He rarely spoke of this experience 
and it is noteworthy that he was careful to omit it from his Curriculum Vitae. 
However, with his infallible gift of serendipity, even this experience was to 
prove significant. First-hand contact with unnecesary surgery, ghost surgery 
and fee-splitting shocked and infuriated him. Not long before his death in 
discussing his early years with me he said of this awakening, ‘‘I resolved then 
that if I ever had a chance to do something about these things that I would.’’ 
Those who were privileged to serve with him on the Board of Regents of the 
American College of Surgeons know how effectively he kept that resolution. 

In 1918 he entered the United States Army with the rank of Captain. 
Later in the same year he was appointed to the Empyema Commission and 
promoted to the rank of Major. It was while a member of the Empyema Com- 
mission that he did his brilliant work on the dynamics of intrapleural pres- 
sures which led to a safe and rational approach to the problem of intrapleural 
sepsis. He was then sent to France as commanding officer of the 34th Evacu- 
ation Hospital. On his return to the States he was sought out by Philip 
Shaffer, Canby Robinson, and Eugene Opie and offered the Bixby Chair of 
Surgery at the Washington University School of Medicine in St. Louis, which 
he accepted. It is a matter of record that he took over his duties as professor 
of surgery wearing his army uniform. It cannot be verified, however, as one 
disgruntled, and perhaps bruised, contemporary contended, that he also wore 
spurs. In St. Louis he joined with Shaffer, Erlanger, Robinson, Marriott, 
Opie, and others in the exciting adventure of creating a great medical school. 
In a short time he was the acknowledged leader of this distinguished group, 
and the school’s international reputation today is due more to the efforts of 
Evarts Graham than to any other member of the faculty. During his tenure 
the surgical service was a world-renowned Mecea. 

In 1922 he first conceived the idea that visualization of the gall bladder 
might be possible. His broad background in chemistry made him aware that 
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the chlorinated phenolphthaleins are excreted almost exclusively in bile. By 
substituting radiopaque atoms to these compounds he hypothesized that visu- 
alization of the biliary tract should be possible. The epochal success of his 
ensuing experiments and the success of cholecystography are known to all. 
This, in my opinion, was his greatest scientific contribution, and was, as Alfred 
Blalock has stated, worth a Nobel Prize. On April 5, 1933, he made one of 
the great technical contributions of all times when he performed the first sue- 
cessful one-stage pneumonectomy for bronchogenic carcinoma. To some it 
has seemed strange that Graham, with his emphasis on basic disciplines, should 
consider a purely technical feat his greatest contribution. To understand this 
apparent paradox it is necesary to have known the man. He came to St. Louis 
noted only for productive research and was contemptuously dubbed the 
“Mouse Surgeon’’ by the entrenched, but now forgotten, old guard. He nei- 
ther forgot nor forgave this indignity. In addition, he was always mindful 
that careful, bloodless techniques were not his forte. How natural then that 
the fait accompli of so magnificent a technical feat should symbolize to him 
a major victory—a triumph in the only area of his many endeavors where he 
ever felt the slightest sense of inadequacy. 

Each year brought increasing prestige and heavier burdens of work and 
responsibility. His capacity for sustained painstaking effort was prodigious. 
This attribute plus his uncompromising integrity and his supreme self-confi- 
dence were the keystones, in my opinion, of his character and career. 

Throughout his notable career he was untiring in his efforts to improve 
the standards of medical care and medical education and to this end he un- 
hesitatingly accepted appointments to many national committees. He served 
for fourteen years as a member of the Medical Fellowship Board of the Na- 
tional Research Council. From 1940 to 1946 he was Chairman of the Commit- 
tee on Surgery of the National Research Council. In 1944 and 1945 he was 
a member of the Commission on Hospital Care. In 1952 he was appointed 
a member of the President’s Commission on the Health Needs of the Nation. 
In 1953 and 1954 he served on the Medical Task Force of the first Hoover 
Commission. In each instance he served with the courage and effectiveness 
that characterized every phase of his career. 

Honors and distinctions of every kind were showered on Evarts Graham. 
Recipient of fourteen honorary degrees and many distinctions, he was re- 
peatedly honored at home and abroad. No American surgeon has ever so com- 
pletely won the esteem and affection of Colleagues in South America, the 
Continent, and in England in particular. Even after retirement the pilgrimage 
of notables from the four corners of the world continued to his office—a tribute 
to the acknowledged Dean of World Surgery. 

He was elected directly to active membership in this Association at the 
third annual meeting in New Orleans in 1920, becoming the eighty-third mem- 
ber. In 1928 he was elected President. In 1931 with the establishment of the 
JOURNAL OF THORACIC SuRGERY he became the first editor of the JOURNAL, a 
post he held with conspicuous success until his death. In 1952 he became a 
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senior member and, in 1955, on the motion of Leo Eloesser, became the twenty- 
fifth honorary member of the Association. While not one of the founding 
fathers, his contributions to this body and his influence in shaping the destiny 
of this organization rank second to none. By honoring Evarts Graham, the 
American Association for Thoracic Surgery acknowledges its indebtedness to its 
greatest member and thereby does honor unto itself. 

Retirement came to Graham in 1951. Whatever academic retirement may 
mean to lesser men, it was to him a challenge and a new beginning. He returned 
to the laboratory with the zest of a young graduate student, and began a large- 
seale investigative program. His studies ranged from the experimental produc- 
tion of cancer in mice with the tars from cigarette smoke to an effort to de- 
termine why the antlers of the deer family are regenerated so rapidly. Outside 
the laboratory his interests seemed to widen rather than contract. 

From 1951 to 1954 he was Chairman of the Board of Regents of the Amer- 
ican College of Surgeons, and in 1955 was elected President of the Sixteenth 
Congress of the International Society of Surgery. 

He was among the first to become intelligently alarmed by the problem of 
radioactive fall-out. His reaction was characteristic. He moved directly into 
the national political arena, and it was due in no small measure to the efforts 
of Graham and his friend Norman Cousins that Adlai Stevenson was persuaded 
to make a eampaign issue of Strontium 90, and nuclear testing. 

Socially and politically, Graham was an enlightened and often militant 
liberal—a born crusader. Emotionally and ethically he was an unreformed 
Victorian. To him privilege and power implied stern responsibility. ‘“He knew 
no motive but interest—no criterion but success.” It was thus inevitable that 
his rise to high position should foster within him a sense of noblesse oblige, 
and that this should make men of little discernment often falsely call him cold 
and autocratic and even ruthless. His biographer will have no difficulty in 
showing up the superficiality of these evaluations and will find an abundance 
of warm color, generous tones, and even humble shades from which to paint a 
true picture of Graham the man. 

Gordon Taylor could well have been speaking of Graham when he said of 
Moynihan in the first Leeds Lecture, “Those who have been reckoned great in 
surgery must of necessity be supremely skilled in the craftsmanship of our pro- 
fession; they must, by reason of the initiation of some novel and successful sys- 
tem of treatment, have conferred untold blessings on mankind; their work must 
have illuminated the dark, mysterious chasms in our knowledge of disease. It 
is necessary that they should have inspired their pupils and their surgical 
brethren with their own ideals, and should have inaugurated or sponsored some 
policy which has advanced the science of surgery. Their prospects of pre- 
eminence ... are perhaps enhanced, if they are accounted ‘Men of Affairs,’ and 
if they command success in their everyday relationships and dealings with those 
who are not necessarily linked by close ties with our profession.” 

By these and by all criteria Evarts Graham will be reckoned among the 
greatest. 
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PRESIDENTIAL ADDRESS 
A CASE REPORT AND MISCELLANEOUS COMMENTS 


Brian Blades, M.D., Washington, D. C. 


M* FIRST and pleasant obligation is to express profound appreciation to the 


members of The American Association for Thoracic Surgery. And of 
equal importance, to thank the Officers and committee members whose efforts 
determine the success or failure of our meeting. Particular gratitude is de- 
served by the Secretary, Dr. Hiram Langston, and Miss Ada Hanvey, Admin- 
istrative Assistant. 

The honor of being President of this Association is impossible to define. 
The endeavors of those whom I have just cited have made most of the duties 
and responsibilities of the office easy. There is, however, one notable excep- 
tion, the preparation and presentation of the presidential address. 

Mild plagiarism was first considered. A careful review of my predeces- 
sors’ contributions, however, made this impractical. Their subjects have eon- 
sisted of dissertations on philosophical, educational, and historical matters or 
reports of brilliant surgical achievements or research endeavors. It became 
apparent I had neither information nor the ability to imitate their examples. 

In desperation I have decided to present a case report as the principal 
feature of this address. 

The unusual history, methods of diagnosis and, finally, the surgical man- 
agement will, I hope, justify the review of a clinical problem in a Presidential 
Address. 

Following the case report there will be a few miscellaneous and probably 
confusing comments. 


From the Department of Surgery, The George Washington University, Washington, D. C. 


Presented at the Thirty-eighth Annual Meeting of The American Association for Thoracic 
Surgery at Boston, Mass., May 16-18, 1958. 
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CASE REPORT* 
BARNES HOSPITAL 
History No. 37532 
Name Gilmore, James Lee (Dr.) Nee 
Address 1331 Inverness Pittsburg Pennsylvania 
Age (lst Admission) 49 Years Married, Single, Divorced Separated 
Sex Male Race White Nativity Pennsylvania Occupation Physician 


Nearest Relative or Friend Marjorie Gilmore How Related Wife 


Address Same 


Family Physician 


Address 


Recommending Physician Dr. W. T. Mitchell, Jr. O.P.D. No. 


Address Pittsburg Pennsylvania 


Staff Physician Dr. Graham Dr. Arbuckle Dr. Singer 


Remarks 


*The case report is a facsimile of the original records including misspelled words. 


CONDITION AT 
ApM. DATE DiscH. DATE Diagnosis & OPERATION DISCHARGE 


27 Feb 33 5 Mar 33 Tumor of Bronchus, Not 
Uncertified. Improved 
(Lt. upper lobe) 
Artificial Pneumothorax. 
(Carcinoma?) 
3-1-33 Bronchoscopy. 


9 Mar 33 9 Mar 33 Tumor of Bronchus, Not 
Uncertified. Treated 
(Carcinoma?) 


13 Mar 33 24 Mar 33 Carcinoma of Bronchus. Not 


3-14-33 Bronchoscopy. Treated 
Excision of 
Tissue of 
Bronchus for 
Diagnosis. 
3-21-33 Bronchoscopy. 


18 Jun 33 Carcinoma of Bronchus. Improved 
(Lt. upper lobe) 


Carcinoma of Lung. 
(Squamous cell) 
4-5-33 Pneumectomy. 
(Total) (Left) 
Blood Transfusion. 
Thoracoplasty. 
(Partial) (Left) 
4-19-33 Thoracostomy. (Closed 
drainage) (Left) 
5-13-33 Thoracostomy. (for empyema) 
5-22-33 Thoracoplasty. (Partial) 
(Left) 
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Abstract of the record of Dr. James L. Gilmore. Age 48 yrs. 


Admitted Discharged 
2-27-33 3-5-33 
3-9-33 3-9-33 
3-13-33 3-24-33 
4-4-33 6-18-33 


Patient enters hospital with a history of: 


1. Repeated attacks of cough and fever with pain 


in the chest. 
7 months 


2. General lassitude. duration 


3. Easily fatigued. 
4. Loss of weight and inability to gain weight. J 


In January 1929 patient developed pneumonia of the right lower lobe. It spread 
from this location and involved the entire lung. Convalescence was delayed for several 
weeks and terminated by his ‘‘raising some pus.’’ 

In July 1932 he experienced a general malaise with chilly sensation and a fever 
of 104. Nothing found on P. X. WBC. 17,000. On Aug. 11th an x-ray revealed a fan- 
shaped shadow with the base outward, in the region of the left axilla. By Aug. 20th 
his symptoms had subsided and the x-ray shadow had become smaller. On Oct. 7th he 
experienced a repetition of his former symptoms with return of the former x-ray shadow. 
This subsided in a few days only to recur again about Oct. 20th. At this time there 
was some dullness and a diagnosis of (interlobar empyema) lung abscess was made. On 
attempting to aspirate it (Dec. 5, 1932) a pneumothorax developed, subsequent to which 
his symptoms improved. He experienced some pain in the left chest following production 
of pneumothorax (not much pain and no bloody sputum at any time). The pneumothorax 
was continued and was improved until 10 days before admission (2-17-33) when he had 
a recurrence of fever and discomfort, ete. Examination revealed a man of medium build 
with suggestion of loss of weight and having a pale pasty complexion. Did not look 
acutely ill. The left chest moved less than the right and B. S. were diminished or absent. 
X-rays of the chest showed the left upper lobe atelectatic with pneumothorax present. 
(The lower lobe seemed fully expanded and adherent to the chest wall). RBC. 4,800,000, 
WBC. 11,500, HB. 85%. 

In view of the patient’s history, PX., and x-ray findings, a tentative diagnosis of 
bronchial obstruction by a tumor was made. 

Bronchography substantiated the diagnosis of bronchial obstruction of the left upper 
lobe. 

Bronchoscopy 3-1-33 revealed tissue not unlike the appearance of granulation tissue, 
closing off the It. upper bronchus. Bronchoscopy repeated on 3-14-33 and 3-21-33. Biopsy 
taken revealed squamous cell carcinoma of the bronchus. 


Patient took microscopic slides to home pathologist to have verified. 


Patient was readmitted 4-4-33 for lobectomy. At the operation (4-5-33) the tumor 
and suppurative process was found such that it was necessary to remove the entire left 
lung. Many adhesions made this somewhat difficult. Seven ribs were also removed, 3 to 
9 inelusively. Left the operating room in good condition: (had received glucose-acacia 
and some blood). Closed drainage yielded several (800 to 1000 cc.) of serosanguinous 
exudate for 48 hours. There was little P.O. reaction except for some dyspnea especially 
on exertion. Considerable deep-seated pain was experienced at times but was fairly well 
controlled. Some infection of the unobliterated portion of the left chest occurred on the 
8th or 9th P.O, day which was drained by a stab wound posteriorly. This failed to fune- 
tion after 2 weeks (during which time patient was being prepared for removal of the 
remaining lst and 2nd ribs to obliterate the remaining space) so a 2nd drain was placed 
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anteriorly through the Ist interspace. The 1st and 2nd ribs were removed on 5-22-33, 
with little post-operative reaction. His pain then completely subsided and within 3 weeks 
all wounds were healed. His strength gradually increased, as well as the use of his left 
arm. He gained in weight and his color improved remarkably. Appetite was good and 
on discharge, 6-18-33, he was looking quite healthy, much better than he had for many 
months previously. His only complaint was some dyspnea on exertion and this was not 
marked. His respiratory function improved much after his heart had become compensated 
to his being up and about. He had been walking about for 2 weeks at time of discharge 
from hospital. Vital capacity on admission 3,500; at discharge 1,650. At time of dis- 
charge his blood showed 5,100,000 RBC., 8,500 WBC., and 90% HB. On discharge, his 
ECG. was practically normal. 

Weight on admission 4-4-33 145 Ibs... On May 21, 1933, his weight was 130 Ibs.. On 
June 14, 121% lbs., June 18, 1224 lbs., June 28, 126 lbs. . 


Operative Report 


Anesthetic Remarks: Uneventful. Pulse good volume. Color good. Glucose given when 
B.P. fell. Pt. responded at completion of operation. Blood transfusion was given. 
Dictation: Dr. Graham. 

An incision was made over the 6th rib; the rib was removed from the transverse 
process to the anterior axillary line. The 7th rib was also removed in the same way and 
the intercostal bundle was excised. The pleura was opened and the upper lobe was found 
to be atelectatic. Several masses could be felt within it suggestive of infiltration with 
carcinoma. Although the apex of the lung was free from adhesions there were many 
other adhesions between the lung and the chest wall. There were particularly dense 
ashesions between the upper lobe and pericardium, and also posteriorly between the upper 
lobe and the parietal pleura. The lower lobe was adherent everywhere to the chest wall. 
In the upper part of the upper lobe several firm nodules were felt which were suggestive 
of carcinomatous metastases. In attempting to separate the upper lobe from the lower 
lobe, it was found that the interlobar fissure was not fully developed. There were also 
some nodules in the upper part of the lower lobe which were suspicious of carcinomatous 
involvement. It was felt that not only would it be very difficult to remove the upper 
lobe alone, but also that in doing so some of the cancer would be left behind. Conse- 
quently it was decided to remove the entire left lung. After separating the adhesions, 
most of which required clamping and cutting followed by ligation, the pedicle was freed 
and a small catheter was tightly secured around it. It seemed preferable to use the soft 
pressure of a rubber catheter rather than a crushing clamp for this purpose, in order to 
preserve the blood supply as much as possible to the end of the stump of the bronchus. 
The idea behind this was to encourage healing of the bronchial stump as much as possible. 
Distal to the catheter two clamps were placed on the entire pedicle and an incision was 
made between them thereby cutting away the entire lung. After cutting away the lung, 
the open stump of the bronchus was cauterized thoroughly with the actual cautery and 
then swabbed with 25% silver nitrate solution. The stump was then transfixed with a 
needle carrying a double thread of #2 chromic catgut. This was tied securely around 
the whole pedicle. Another double ligature of #2 chromic catgut was placed in a position 
slightly distal to the first ligature, and finally a third ligature of the same sort was ap- 
plied. The catheter was then removed and no bleeding from the stump occured. The 
open end of the stump of the bronchus was slightly less than one inch from the bifurca- 
tion of the trachea. The aorta was plainly visible immediately posterior to the stump of 
the left bronchus. Because the entire lung had been removed there was no tissue avail- 
able for covering over the stump of the bronchus. Two enlarged mediastinal glands, 
which could be seen immediately below the bifurcation of the trachea, were removed for 
microscopic examination. These, however, seemed soft and evidently did not contain any 
cancer. Because the patient’s condition seemed excellent, and because it was felt de- 
sirable to obliterate the pleural space as much as possible, additional ribs were removed 
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from the transverse processes to the anterior axillary line. The ribs removed were the 
4th, 5th, 6th, 7th, 8th, 9th and 10th. Thru a small stab wound a small catheter was in- 
serted below the line of incision and carried into the pleura cavity just below the stump 
of the pedicle. This catheter fitted tightly so that no leakage of air at all occured around 
it. The wound was then closed in layers and it was noted that the soft tissues collapsed 
readily into the pleural cavity. No attempt was made to suture the parietal pleura to- 
gether. The 6th and 7th muscle bundles had been removed in order to give exposure, 
but the rest of the muscle bundles were not cut away. The patient was given a blood 
transfusion in the operating room and left the operating room with blood pressure and 
pulse the same as they had been at the beginning of the operation. The rubber catheter 
was connected with a longer rubber tube which was brought down to the level of some 
borie acid solution in a bottle in order to give air tight drainage. 


SURGICAL PATHOLOGY BARNES HOSPITAL 


Name Gilmore, Dr. J.L. Register No. 89475 Age 48 
Address Ward Date 4-5-33 (11-11-48) 
Surgeon Dr. Graham Specimen No. 21246 


Gross Pathology: (11-11-48) The gross specimen consists of the entire left lung which 
is received in Kaiserling fixative. The entire lower section through the entire lung at 2 to 
3 em. intervals has been made. There is a tumor mass ulcerating into the upper lobe 
bronchus near the hilum which on eut section appears to be well delineated and measures 
3 em. in its greatest diameter. Distal to this tumor in the upper lobe there are numerous 
pinpoint abscesses in the lung parenchyma. Over the posterolateral apical region of the 
upper lobe there is a markedly thickened pleura which appears to have a portion of the 
parietal pleura attached to it. The lower lobe appears to be essentially normal without 
abscesses, obstruction or abnormalities of the pleural surfaces. On gross examination the 
superior interlobar bronchial node which is immediately adjacent to the tumor appears to 
be directly involved in the process. There are several other nodes about the upper lobe 
bronchus which do not appear to be involved in the tumor process. Several small nodes 
about the lower lobe bronchus are likewise negative grossly. Many black and white and 
colored photographs were taken of the fixed gross specimen. The following additional 
sections are taken. 

Ax—a section of the tumor to show its entire extent 

A—4 to 5 additional sections of the tumor 

B,—6 lymph nodes from about the upper lobe bronchus 


B,—a section from the thickened pleural surface at the posterior apex of the upper lobe 
D,—3 nodes from about the lower lobe bronchus Jar IV (Black) 


Microscopic Pathology: The surface of the tumor as it projected into the bronchus showed 
a fairly well differentiated pattern with numerous epithelial pearls. The tumor extended 
into the lung parenchyma destroying bronchial] cartilage and invading contiguous lymph 
nodes. In the deeper areas of the neoplasm it was extremely undifferentiated with prac- 
tically no keratinization and with numerous mitotic figures. In one area of the neoplasm, 
as it arose from the bronchus, there was squamous metaplasia and epidermoid carcinoma 
in situ. Further nodes, 11 in number, showed no evidence of tumor. 


Diagnosis: Lung, bronchus, left, upper — Epidermoid carcinoma, grade III 
Lymph nodes, regional — Epidermoid carcinoma, grade III, invasive 
Lymph nodes, regional — Hyperplasia, 11/11 
Lung — Bronchial pulmonary suppuration with multiple small abscesses 


Lauren V. Ackerman, M.D. 


It is important to note that the review of the tissue by Dr. Lauren Acker- 
man in 1948 established that the lesion was an invasive epidermoid carcinoma. 
Moreover, there was involvement of a lymph node. 
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Two postoperative notes by our distinguished colleague, Dr. William 
Adams, then a Fellow in Surgery, are worth recording. 


4-6-33 ‘Patient quite comfortable unless he moves. He had no M.S. since 8 A.M. Has 

3:15 not voided since operation. B.P. remaining at 120/ No cyanosis or dyspnea. Pulse 

Adams steady. Drained about 800 ce through catheter during interval from 12 M yesterday 
until 11 A.M. today. Little drainage since. Temp. down to 37.2° this noon. O, tank 
to be kept in room and O, tent available in case of emergency.”’ 
‘<Patient’s temp. has risen to 39.7° tonight. Pulse 134. R 32. No cyanosis. 
States he is having some respiratory difficulty. Coughing if attempts to lie on rt. 
side or on talking. Dr. Graham notified of condition. Given Aspirin 10 gr. and 
Codeine 1 gr. to lower temp.’’ 


Fig. 1—Roentgenogram showing pneumothorax and Lipiodol bronchogram. The pneumothorax 
was accidentally induced when a thoracentesis was performed. 


4-19-33 ‘‘Patient’s general condition about the same this a.M. except less respiratory dis- 
Adams tress, less cough, and less pain since midnight. Fluoroscopy reveals similar con- 
dition as that seen yesterday morning. Under general anesthesia a #14 catheter 
was inserted through a trocar into cavity at level of 4th dor. vert. just medial to 
scapula. 150 cc of thin redish-brown pus was removed. Open drainage established.’’ 


It appears the bronchus began to leak 13 days after the operation. Cer- 
tainly no one could accuse the staff of prescribing too much medication. 

A few years after the first successful pneumonectomy for carcinoma of the 
lung, rumors were circulated that the lesion was not really a carcinoma, but 
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an adenoma. The amazing longevity of misinformation has been demonstrated 
because to this day one occasionally hears this misstatement repeated. It is 
appropriate, therefore, to show a photograph of the gross specimen and the 
photomicrograph. (Figs. 1, 2, and 3). 


Fig. 3.—Microscopic section showing undifferentiated carcinoma. 


€ 

— 

Fig. 2.—The gross specimen showing a bronchogenic carcinoma in the left upper lobe. ‘S 


. Th ic Surg. 


While the patient was recovering from the pneumonectomy, thoraco- 
plasties, and thoracostomies, the meeting of The American Association for 
Thoracic Surgery was held on May 9, 10, and 11, 1933. Before attending in 
absentia the Sixteenth Annual Meeting of the Association in Washington, 
D. C. it is important to conelude the ease report. The patient is vigorous, 
living and well twenty-five years after the removal of the left lung. 


THE AMERICAN ASSOCIATION FOR 
THORACIC SURGERY 


Officers 
President, George P. Muller, Philadelphia 
Vice President, George J. Heuer, New York City 
Secretary, Duff 8. Allen, St. Louis 
Treasurer, Edward D. Churchill, Boston 
Editor, Evarts A. Graham, St. Louis 


Council 
Frederick T. Lord, Boston Walter E. Lee, Philadelphia 
T. C. Davison, Atlanta Emile Holman, San Francisco 
Edward S. Welles, Saranac Lake 


The American Association for Thoracic Surgery 
Washington, D. C., May 9, 10, 11, 1933 
Hotel Headquarters — The Willard Hotel 
Program 
Tuesday, May 9 
9:00 A.M. National Museum Building. 
1. Business Meeting of the Association. 
2. The Results of Phrenic Nerve Operations in 225 Cases With a Discussion of the 
Technique of the Operations. 
Dr. H. Ryerson Decker, Pittsburgh. 
. An Estimate of the Value of Phrenic Nerve Interruption for Phthisis Based on 654 
Cases. 
Dr. John Alexander and Dr. Lawrence Nehil, Ann Arbor. 
. Experimental Study of the Effect of Phrenicectomy on Cough. 
Dr. Herbert A. Carlson, Minneapolis, Dr. Harry C. Ballon, Montreal, 
Dr. Hugh M. Wilson and Dr. Evarts A. Graham, St. Louis. 
. Thoracoplasty. 
Dr. E. J. O’Brien, Detroit. 
. The Operative Mortality From Thoracoplasty in Pulmonary Tuberculosis. Analysis 
of 6 Fatal Cases. 
Dr. H. L. Beye, Iowa City. 
. A Study of 150 Cases of Thoracoplasty for Pulmonary Tuberculosis During the Past 
Two Years — Reflection of Technique and Results. 
Dr. Pol. N. Coryllos, New York City. 
. Bronchogenic Carcinoma. Special Reference to Its Classification, Prognosis and Treat- 
ment. 
Dr. Louis H. Clerf and Dr. B. L. Crawford, Philadelphia. 
1:00 P.M. 
1. Collapse Therapy and the Ambulatory Patient. 
Dr. J. A. Myers, Minneapolis, 
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2. The Future Surgical Status of the Collapse Therapy Patient. 
Dr. T. J. Kinsella, Oak Terrace, Minn. 
. Pneumocavernolysis in the Treatment of Pulmonary Tuberculosis With Cavitation. 
Dr. Harold Neuhof, New York City. 
. Non-Penetrating Wounds of the Heart. The Cardiac Manifestations Brought About 
by Acute Peripheral Compression. 
Dr. Claude S. Beck and Dr. Ernest Bright, Cleveland. 
. Removal of Needle From the Heart With Electrocardiographic Studies Before, During, 
and After Operation. 
Dr. Francis Scrimger, Montreal. 
. The Diagnosis and Treatment of Encapsulated Empyemata. 
Dr. W. A. Hudson, Detroit. 
. Moving picture study of the treatment of acute empyema. 
Dr. Jos. Gale, Madison. 
. Moving picture study of the treatment of acute empyema. 
Dr. Ralph B. Bettman, Chicago. 


Wednesday, May 10 
A.M. 
1. Executive Meeting of the Association. 
2. President’s Address. 
Dr. George’ P. Muller, Philadelphia. 
. Address on Lung Abscess and Pleural Effusion. 
Dr. Mare Iselin, Paris France. (By special invitation. ) 
. Pneumonectomy for Sarcoma of Lung in a Tuberculous Patient. 
Dr. Howard Lilienthal, New York City. 
. Dermoids of the Mediastinum. 
Dr. Carl A. Hedblom, Chicago. 
. Intrathoracic Teratomas. 
Dr, S. W. Harrington, Rochester, Minn. 
. Esophagectomy for Cancer of the Upper Esophagus With Lessons Derived From an 
Operative Failure. 
Dr. P. E. Truesdale, Fall River, Mass. 
8. Experiences With Oleothorax Treatment. 
Dr. John N, Hayes and Dr. Lawrason Brown, Saranac Lake. 
P.M. 
1. Active Contractility of the Bronchopulmonary Smooth Muscle as Demonstrated by 
Electrobronchographic Records. 
Dr. Ethan F, Butler, Elmira, N. Y. 
2. An Experimental Study of the Reactions of the Pleura to the Bacillus of Tuberculosis. 
Dr. W. 8. Lemon, Rochester, Minn. 
3. Effects of Laparotomy and Abdominal Distention on the Lung Volume. 
Dr. Edward D. Churchill, Dr. H. Beecher, Dr. H. H. Bradshaw, and 
Dr. G, E. Lindskog, Boston. 
4. The Treatment of Traumatic Haemothorax. An Experimental and Clinical Study. 
Dr. D. C. Elkin and Dr. J. C. Sandison, Atlanta. 
5. Physiological Determinants in Surgery for Relief of Cardiae Pain. 
Dr. Peter Heinbecker, St. Louis. 
6. The Tensile Strength of the Paralyzed Diaphragm. 
Dr. Richard H. Meade, Jr., Philadelphia. 
7. Extreme Compression and Cirrhosis of the Lung. A Preliminary Experimental Study. 
Dr. C. M. Van Allen, Peiping, China. 
8.00 P.M. PRESIDENT’S BANQUET. 
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9:00 A.M. 


1. Bronchiectasis. 
Dr. James A. Miller, N 


2. Selective Surgical Collapse 


BLADES 


Thursday, May 11 


ew York City. 
for Lung Abscess. 


Dr. Richard H. Overholt, Boston. 


3. Fixation of Chest Lesions With Subsequent Compression. 


Dr. W. P. Herbert, Asheville. 


4. Oidiomycosis of the Lungs. 


Dr. David T. Smith, Durham, N. C. 


. Experimental Pulmonary Lesions of Aspergillus Niger: 
Fungus on Experimental Pulmonary Tuberculosis. 


Dr. Norman Bethune, Montreal. 


6. Suture of the Lung. 


Dr. Frank 8. Dolley, Los Angeles. 
7. Intrapleural Pneumolysis. <A Critical Review. 


The following officers were elected for 1934: 


Dr. Julian A. Moore, Asheville. 


J. Thoracic Surg. 
September, 1958 


Superimposition of This 


New York City. 


Ann Arbor, Mich. 


Present, Dr. George J. Heuer 
Vice Dr. John Alexander 
Secretary” Dr. Duff S. Allen 


St. Louis, Mo. 
Boston, Mass. 


. Evarts A. Graham 


The following were advanced from associate to active membership: 


-St. Louis, Mo. 


Charlottesville, Va. 


The following were elected to associ 


ate membership: 


Albuquerque, N. M. 
Durham, N. C. 


Dr, Wisde Detroit, Mich. 

Dr. Chevalier Jackson, Jr._-----------------~-----------=- Philadelphia, Pa. 
Dr. George Ornstein-~--------------~-------_-----------_-- New York, N. Y. 

Dr. Leo Rigler-------------------------------------------- Minneapolis, Minn. 
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Of the thirty-five scientific papers presented twenty-five years ago more 
than a third were on various aspects of the treatment of tuberculosis. Inter- 
est in the heart was manifested by three important papers. There was only 
one presentation concerning bronchogenic carcinoma and two on mediastinal 
tumors. The subjects of empyema and lung abscess had their share of at- 
tention and it appears that one half day was devoted to experimental studies 
in much the same way that time is set aside for the forum in our present pro- 
grams. 

The esophagus rated only one paper with lessons reported from a failure 
of esophagectomy for carcinoma of the upper third of the esophagus. History 
has a strange way of repeating itself. 

There were sixty-seven members present at the meeting twenty-five years 
ago, fifty-three active, twelve associate, and two senior members; a sharp 
contrast to the Thirty-Seventh Annual Meeting of the Association in Chicago 
at which there were more than one thousand registrations. 

The meeting in Washington was held in a small leeture room of the 
Smithsonian Museum. The place of the meeting was determined by the 
Congress of American Physicians and Surgeons. This was the last time The 
American Association for Thoracic Surgery met as a component member of 
the Congress.* 

The Program Committee this year received one hundred and fifty-four 
abstracts for consideration. Enough outstanding papers were available to 
fill three full programs. One might long for the good old days, but a quarter 
of a century ago the trials of the program committee were expressed by Dr. 
Muller in his presidential address. 

“‘This year for the first time your Program Committee has been embarrassed by the 
quantity of material offered and found it difficult to follow the rule of accepting all offerings 
from members. It seems to me that in the future, committees will find it expedient to 


select those papers which offer new thoughts or are sufficiently controversial to excite dis- 
cussion,’’ 


One paper deserves special attention. Not for the presentation itself, but 
because of the battle of semantics which it precipitated. I refer to the paper 
‘‘Pneumonectomy for Sarcoma of the Lung in a Tubereulous Patient’’ by 
Dr. Howard Lilienthal. 

It is safe to assume that Dr. Graham was elated about the patient back 
in St. Louis who had survived the removal of an entire lung. It is not sur- 
prising, therefore, for him to discuss Dr. Lilienthal’s pneumonectomy ease in 
a confident way and to describe his now convalescent patient and the details 
of the case in a scholarly manner. The trespass into the field of etymology, 
however, was most unfortunate. 

A portion of Dr. Graham’s discussion is as follows: 


Dr. Evarts A. Graham (St. Louis).—I was much interested in this case of Dr. Lilien- 
thal because he operated upon his case just a short time before I performed a complete 
*By authority of Dr. Ethan Flagg Butler’s “little black book.” Dr. Duff Allen, the Secre- 


tary could not be present because Mrs, Allen was having a baby. Dr. Butler was drafted to 
serve as secretary. 
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pneumectomy. In my case, however, fortunately the result was successful. I do not call 
it pneumonectomy, as Dr, Lilienthal does, because I have the support of the Oxford dictionary 
and various other dictionaries to call it pneumectomy instead of pneumonectomy. 


The Oxford dictionary and other references did not impress Dr. Pol. 
Coryllos who not only was a Greek, but knew the Greek language well. 


Dr. Pol. N. Coryllos (New York).—(Illustrating on blackboard.) First a point of 
etymology. I agree with Dr. Lilienthal that the correct Greek term for excision of the lung 
is ‘‘pneumonectomy’’ and not ‘‘pneumectomy’’ as proposed by Dr. Graham. The lung in 
Greek is Tvetywv-oves, whereas qveipa-aros means air or spirit. The second part of the 
term, ‘‘exrouy’’ (excision) indicates the action exerted upon the lung, therefore the latter 
must be placed in the genitive (qvetovos) the radical of which is 7vevpyov- so that the com- 
posed word will be ‘‘pneumonectomy.’’ ‘‘Pneumectomy’’ on the contrary means ‘‘ resection 
of air,’’ and if correctly constructed should be pneumatectomy. It is according to the same 
rules that are constructed the terms gastrectomy, ureterostomy, salpingectomy, otorhino- 
laryngology, ete. I hope that this literary digression will help to settle that question. 


This must have been a bitter pill since Dr. Graham was a real stickler 
on diction, grammar, and particularly superior about his knowledge of word 
roots. 

It is impossible to determine accurately the exact number of surgeons 
who were engaged in a significant amount of thoracic surgery twenty-five 
years ago. Certainly no more than a hundred in the United States and 
Canada, probably considerably less. Only a few limited their work to the 
chest and most of them were prominent general surgeons who were inter- 
ested in developing a new field. There were a few physicians with little or 
no surgical training attempting to do chest wall operations on patients in the 
tuberculosis sanatoriums. 

Opportunities for training in thoracic surgery were limited. In most 
instances the program was integrated with general surgery with sometimes 
the addition of fellows who might spend an extra year or two in clinical work 
and research projects connected with thoracic surgery. A few exceptions, 
however, were developing. In January of 1933, Dr. John Alexander estab- 
lished at the University of Michigan a training program in thoracie surgery 
with a minimum appointment of two years’ duration. Others, including Dr. 
E. J. O’Brien, Dr. Pol. Coryllos, and Dr. Louis Davidson established residencies 
devoted exclusively to surgery of the chest. 

Two philosophies were beginning to develop. One, a concept of exclusive 
specialization in thoracic surgery. The second and more popular then, addi- 
tional training for the surgeon who might also operate in the chest, but remain 
principally in general surgery. 

Twenty-five years ago only a small minority accepted the feasibility of 
specialization. The field seemed too small; the patients were poor physical 
and financial risks; and economic suicide was often predicted for those foolish 
enough to desert general surgery. 

Reliable data concerning the number of surgeons in this country limiting 
their practice to thoracic surgery are not available. It has been estimated that 
in the neighborhood of two hundred and fifty do so. The remainder of those 
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now certified by the Board of Thoracic Surgery do not. After twenty-five 
years the differences of opinion concerning specialization remain, but in differ- 
ent proportions. 

It is apparent, however, that the dire financial disasters predicted for the 
specialists were unwarranted. An important factor, of course, has been the 
thoracic surgeon’s successful wrestling match with nose and throat specialists 
for the control of endoscopes. 

Originally the members of our Association were not receptive to estab- 
lishing a board of Thoracie Surgery. It was first discussed in 1936 and a com- 
mittee appointed to study the question. In 1937 the committee’s opinion was 
that there was no need for certification of thoracic surgeons by a separate 
Board at that time. 

In 1945, a second committee was appointed and made its report in 1946. 
A recommendation was adopted favoring the formation of a Board of Thoracic 
Surgery as a subsidiary of the American Board of Surgery. A plan of organi- 
zation was established in 1948 by the Eggers Committee. And the Board of 
Thoracic Surgery was incorporated under the laws of the State of Michigan 
on Aug. 31, 1950, as a subsidiary of the American Board of Surgery. 

There are now two hundred and twenty-eight founder members, and in 
the decade of existence five hundred and thirty-four candidates have been 
certified by examination. 

A total of seven hundred and sixty-two surgeons have a certificate stating 
they are properly qualified to operate upon the chest of their fellow man. The 
recent crop of thoracic surgeons has been abundant. Two hundred and fifty- 
nine have been certified in the past 3 years. It might appear that the prin- 
ciple of supply and demand is being violated. 

The establishment of first the American Board of Surgery and later its 
subsidiary, the Board of Thoracic Surgery, stimulated surgical segregation. 
Influences on rank and assignment during World War II gave a final and 
mighty emphasis to Board certification. 

Practically all surgical specialties were originally developed by general 
surgeons, but in most instances have become distinct and separate fields of 
endeavor as the specialty develops. 

Ineredibly complete severance with one of the oldest surgical specialties 
has been so radical that surgeons certified by other Boards must relinquish the 
previously conferred sheepskin to become eligible for certification. 

Fortunately, there is little chance of surgical contamination in this par- 
ticular specialty since only one year of internship is required before the 
special training. 

The tendency to drift from old patterns of emphasis on general surgery 
is shown by the requirements of other Boards. For example, the Neurosurgi- 
cal Board requires only one year of surgical internship preliminary to training 
in the specialty. The Board of Orthopedic Surgery specifies a year of intern- 
ship and one year of general surgical residency as a preliminary. 

The Board of Thoracic Surgery is a subsidiary of the American Board of 
Surgery. Total dependence on general surgery is established if one examines 
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the definition of subsidiary—meaning: furnishing aid, auxiliary, tributary, as 
a capacity ; secondary. 

No Board has more rigid requirements. Certification by the American 
Board of Surgery and an additional two years of training. 

Our rigid standards resulted from the philosophy that all engaged in 
thoracic surgery must first be trained in general surgery. Certainly one of the 
reasons for this particular emphasis was to discourage physicians who entered 
the field via the chest wall route without previous experience in surgery. 
Time and the combination of antibiotics with the modern surgical treatment 
of tuberculosis have practically eliminated this group. Probably another fac- 
tor was the failure of other specialty Boards to require adequate basic surgical 
training. 

Fortunately the original plan of two written and two oral examinations 
has been condensed with the elimination of the written examination in thoracic 
surgery. The first part of the general surgical Board, however, now includes 
a certain prescribed percentage of questions relating td thoracic surgery. 
This change, however, has created problems for the young surgeon who has 
little or no contact with thoracic surgery during the general surgical training. 

It is easy to comment that in a properly integrated service the trainee 
should have sufficient background to'answer correctly the questions on thoracic 
surgery. In many instances, however, this is simply not the case. Depending 
upon the pattern of training the general major and the thoracic major might 
find this examination quite difficult. . 

There are now eighty-nine hospitals approved for training in thoracic 
surgery. One wonders if there are really eighty-nine institutions in existence 
in our country with sufficiently varied clinical material and available teachers. 
This is a particularly pertinent question in regard to surgery of the heart and 
great vessels. 

Neither the American Board of Surgery nor the Board of Thoracie Sur- 
gery attempt to define independently an acceptable training program. Resi- 
dencies in surgery are judged by a conference committee consisting of repre- 
sentatives of the Council of Medical Education of the American Medical As- 
sociation, the American College of Surgeons, and the American Board of Sur- 
gery. Moreover, the American Board of Surgery and its subsidiary, the Tho- 
racic Board have made it clear that they are not concerned with special privi- 
leges or recognition their diplomates may obtain by virtue of certification. 
This is in sharp contrast to many specialty groups who make their own ground 
rules for training programs and emoluments for their certificates. 

Thoracic surgery is now a distinct specialty and it is safe to predict it 
will become even more so. And, it makes little difference how each of us in 
this Association feels about it. The public and the nonsurgical segment of 
the medical profession have nurtured specialists and, in fact, demand them. 


Otherwise intelligent members of our profession are very apt to classify 
a colleague as a Board man or not a Board man. The layman has a similar 
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approach with different terminology. The surgeon is a heart man, lung man, 
or some kind of man whom they associate with the repair or eradication of 
various vital or semivital organs. 

It would be difficult for surgeons who have fulfilled the qualifications for 
certification in thoracic surgery to lose interest in general surgery. Once, how- 
ever, they are labeled they are often confined to a single field of endeavor. 
This is particularly true of those in private practice. A small minority of sur- 
geons in full time clinics and medical schools are not quite so limited, but even 
in these institutions the trend is toward regional specializaton as far as operat- 
ing is concerned. 

Although the battle for various organs continues, the chest man has been 
gaining ground, or perhaps better stated, not infrequently successfully raids 
outside of his designated body cavity. 

On the left he can slip through the diaphragm for spleens or stomachs 
without treaty violation serious enough to cause a major battle. And on the 
other front, a thyroid gland which isn’t well above the sternal notch is fair game. 

Conversely, surgeons now designated as generalists are fighting valiantly 
on two fronts. They have been pushed down on the left flank by the chest 
specialist and forced upward on the other major battle-field by the colon-rectal 
specialist who also has been commissioned by his Board to engage in this war. 
The war with the neurosurgeons was lost years ago. For the most part bones 
have been taken away by the orthopedist, and even burns by the plastic sur- 
geon. The general surgeon still controls the right flank of liver and gall blad- 
der and the middleground, but his supply lines are thin. 

This half facetious, but not far from the truth, description of the state of 
surgical affairs may create serious problems for the young surgeon. 

In the five to seven years after graduation from medical school this now 
not so young surgeon, trained in general and thoracie surgery, leaves the 
institutional nest—not because he is incompetent or not wanted—the nest is 
full, and there is the possibility he has had about all of the nest he can toler- 
ate. He searches and finds a community he admires and in which there is a 
reasonable chance to make a living. He may then find it is expedient or totally 
necessary to pattern his practice by default. 

If in the community there are three well-established, fairly young thoracie 
surgeons and the majority of the general surgeons are senile or well on the 
way—general it will be, or the converse may be true. In either event there 
has been a waste of talent, energy, and money. 

Prerequisite training in general surgery before specialization I sincerely 
hope will continue. And it is proper to suggest that other specialties would 
profit by following this example. 

It appears, however, present standards or, better stated, rules for training 
are not realistic and perhaps untenable. 


For example, is it really necessary in every case to spend four years fol- 
lowing internship in general surgery before training in thoracic surgery? Is 
it reasonable to prescribe a six months’ minimum credit for the study in basie 
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sciences? For the interested student the study of physiology, chemistry, or 
almost any science might result in a potential contributor to the progress of 
surgery. Conversely, it would be utterly ridiculous to require all, including 
the uninterested to follow the same pattern of postgraduate education. 

These questions are easy to ask, but extremely difficult to answer in a 
specific way. It is suggested, however, there be fewer rules and that more 
attention be given to quality of training rather than quantity in terms of years. 


A quarter of a century has passed since the pneumonectomy of our case 
report was performed by the man whose memory we honor today. During this 
time, thoracic surgery has progressed from a faltering, dangerous formative 
stage to a recognized surgical specialty. 

More than any other organization in the world our Association will influ- 
ence the trends of the next twenty-five years. It is appropriate then, to ask 
ourselves just what have we done and more important, what are we going to do. 


Thanks are expressed to Remington Rand, Ine., St. Louis, for providing photostats of 
the original records which had been placed on microfilm. 

I am deeply indebted to Doctors Ackerman, Bradley, Burford, and Moyer who made 
records and the photographs of the specimen available, and to Dr. James Gilmore who gave 
permission to review the case report. 


FURTHER STUDIES IN THE SURGICAL MANAGEMENT OF 
CARCINOMA OF THE LUNG 


A Further Study of the Cases Treated at the Massachusetts General 
Hospital From 1950 to 1957 


Edward D. Churchill, M.D., Richard H. Sweet, M.D., ]. Gordon Scannell, 
M.D., and Earle W. Wilkins, Jr., M.D. (by invitation ), Boston, Mass. 


IGHT years have elapsed since the previous report of the surgical manage- 

ment of primary carcinoma of the lung at the Massachusetts General 
Hospital. That report’ included all cases seen in the years 1930 to 1950 with 
follow-up data on all resections carried out prior to January, 1948. The present 
study brings up to date the results of surgical management of cancer of the 
lung at the same hospital by adding all cases seen in the period January, 
1950, to January, 1957, with follow-up information on all resections performed 
before January, 1956. The follow-up data have been divided into 2 groups 
identified as ‘‘ present series’’ which includes all resections carried out between 
January, 1948, and January, 1956, and ‘‘original series.’’ The latter includes 
all cases of resections prior to 1948. The two groups are considered together 
as a ‘‘total’’ series of 341 cases followed to January, 1958, representing all 
patients undergoing resection for carcinoma of the lung at the Massachusetts 
General Hospital from 1933 to 1956. Follow-up data are available on all pa- 
tients. 

The present study, as the previous one, includes all patients admitted to 
the general hospital wards as well as those admitted to the private divisions. 
Since the operations have been carried out by a great number of individuals 
on both the visiting and resident staffs, it would be unwarranted to assume 
a standardized technique or extent of resection. In general, the principles of 
operation were those outlined in the previous report. Lobeetomy, with re- 
moval of all gross evidence of disease, was considered reasonable when there 
was evidence of diminished pulmonary or eardiae reserve, when uncertainty 
of the diagnosis existed and the lesion could be totally excised by lobectomy, 
when the lesion was small, peripheral and without evidence of lymph node 


From the General Surgical Services of the Massachusetts General Hospital and the De- 
partment of Surgery of the Harvard Medical School, Boston, Mass. 

Read at the Thirty-eighth er Meeting of The American Association for Thoracic 
Surgery at Boston, Mass., May 16-18, 1958. 
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extension, and when the carcinoma had extended beyond surgical bounds but 
the bulk of the primary tumor could be removed by lobectomy with the hope 
of relieving symptoms. Again, it should be emphasized that the majority 
of lobeetomies were carried out not merely as a local excision of a primary 
growth, but as a complete dissection of an anatomic unit of the lung to include 
the adjacent lymph nodes. Similarly, pneumonectomy ineluded as extensive 
dissection of adjacent nodes as the operator deemed advisable, with or without 
intrapericardial division of the hilar structures as the situation demanded. 
In the present study no effort has been made to separate ‘‘radical’’ as opposed 
to ‘‘simple’’ pneumonectomy or lobectomy nor to correct for those resections 
undertaken when it may have been the estimate of the surgeon that the 
disease had extended beyond the limits of extirpation. 


PRESUMED 
to be 
CARCINOMA 


EXPLORED — (55 % OF PROVEN CASES) 
RESECTED * (35% OF PROVEN CASES) 


SURVIVED 
RESECTION BY (32 % OF PROVEN CASES) 


Fig. 1.—Primary carcinoma of the lung, 1950 to 1957. 


Specifically excluded are all cases of bronchial adenoma, either the ear- 
cinoid or cylindroma types, all carcinomas that might reasonably be considered 
metastatic, and all cases of pulmonary alveolar adenomatosis (alveolar cell or 
bronchiolar carcinoma). Although the latter form an extremely interesting 
group of cases, their nature is sufficiently debatable to warrant exclusion from 
the group commonly termed bronchogenic carcinoma. 

Between Jan. 1, 1950, and Jan. 1, 1957, a clinical diagnosis of carcinoma of 
the lung was entered in the records of 719 patients (Fig. 1). In 604 of these, 
the clinical diagnosis was verified by histologic means. Of the 604 proved 
cases, 330 or 55 per cent came to thoracotomy. In 210 of these (35 per cent of 
the proved, 64 per cent of the explored), resection of the tumor was possible 
by pneumonectomy or lobectomy. One hundred and ninety-two patients sur- 
vived resection and left the hospital alive (32 per cent of the proved cases). 
Since the 5-year cumulative survival rate for this period was approximately 
30 per cent, it can be assumed that 63 patients survived or could be expected 
to survive 5 years (10.4 per cent of the proved cases). When compared to our 
earlier report these figures represent some improvement. The corresponding 
percentages in the 1930-1950 patients are: proved cases 681, explored 294 
(43 per cent); resected 171 (25 per cent of proved); survived resection 137 
(20 per cent). 
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It is hoped, but by no means certain, that the increase in the number of 
resectable tumors reflects an increasing awareness by the medical community 
of the constructive role of surgery in the management of carcinoma of the lung 
and the value of early diagnosis. In type and duration of symptoms the pa- 
tients of the present series differ very little from the former series or from the 
many other large series recorded in the literature. There is, however, one new 
and clinically identifiable group, namely, the ‘‘survey’’ case, a designation we 
have applied to the individual whose pulmonary cancer was discovered as a 
result of investigation initiated by the presence of a suspicious shadow in a 
chest x-ray film taken in the course of a survey, routine physical examination, 
or study of an apparently unrelated medical or surgical problem. 


AGE DISTRIBUTION 
1948 to 1956 37 


27) 


(93) 30 


30-34 35°39 40-44 45-49 50-54 55-59 60-64 65-69 70-74 75-79 
AGE GROUP 


Fig. 2. 


Age distribution (Fig. 2) has shown no marked change, although a greater 
number of older patients come to operation now than formerly. The increased 
age of the patients may account in part for the increased percentage of lobec- 
tomies in the present compared to the earlier report. In the period 1948 to 
1956, there were 93 lobeetomies and 127 pneumonectomies (43 per cent lobee- 
tomies). In the period 1933 to 1948, there were 34 lobectomies, 87 pneumonec- 
tomies (28 per cent lobectomies). 

Operative mortality for pulmonary resection appears to have stabilized 
at a reasonable level. Among 127 pneumonectomies in the years 1948 to 1956, 
there were 13 hospital deaths—a mortality rate of 10 per cent. In the same 
years, there were 93 lobectomies with 6 hospital deaths—a mortality rate of 
6.4 per cent. It is interesting in view of the widely held clinical impression 
that right pneumonectomy is a more severe operation than left that, in this 
same period, there were 66 right pneumonectomies with 6 deaths (9 per cent) 
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and 61 left pneumonectomies with 7 deaths (11 per cent). That right pneu- 
monectomy was avoided in favor of lobectomy which carried an over-all mor- 
tality of 6.4 per cent is suggested by the fact there were 58 right-sided as 
opposed to 35 left-sided lobectomies in the same period. 


SURVIVAL 


The survival of patients undergoing resection is presented in the form of 
cumulative survival rates similar to life tables. The method has been deseribed 
in detail by Hill? and by Puffer. Table Lis representative of the method, Here 


TABLE I. CUMULATIVE SURVIVAL 
1948-1956 


TIME | 
PERIOD DROPPED PERIOD CUMULA- 


ENDING FROM PATIENTS | PATIENTS MOR- PERIOD TIVE 
( YEARS ) DEATHS STUDY ENTERING AT RISK TALITY SURVIVAL SURVIVAL 


Pneumonectomy 

66 
79.8 
79.1 
88.7 
89.2 
85.2 
91.1. 


43 
17 
14 


0 
0 
0 
0 
1 
1 
1 
2 
1 


DO 


Woy 


90.3 
96.2 
95.7 


bo 


are presented the cumulative survival rates for all patients undergoing pneu- 
monectomy in the years 1948 to 1956 followed to January, 1958. Date of opera- 
tion is taken as zero time for a given individual. Mortality rates are calculated 
for each 6-month period thereafter by dividing [the number of individuals enter- 
ing a given period and at risk during that period] by [the number of deaths oe- 
curring during that period]. If the mortality rate for a given period is sub- 
tracted from 100 per cent, a survival rate for the period results. If this, in 
turn, is multiplied by the cumulative survival rate for the previous period, a 
cumulative survival rate for the entire series at a given time period is estab- 
lished. The results can be effectively shown graphically (Fig. 3). The method 
permits the maximum use of a group of patients under study by correcting for 
patients who are lost to follow-up or for other reasons drop out of the study. 
In the present material, no patient was lost to follow-up except by virtue of the 
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Lobectomy 
2 93 93 78.5 79 
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j 1% 62 62 90.3 60 
2 56 56 92.9 56 
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fact that operation was done an insufficient length of time prior to the time 
period under study. Thus, a patient operated upon 26 months before his last 
recorded follow-up note would drop out of the study after the time period end- 
ing at 2 years, and he would appear in the column marked “‘lost to the study.’’ 
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Fig. 3. 


By convention, such an individual would be considered ‘‘at risk’’ during half 
the time period in which he was lost to follow-up. The number of ‘‘ patients at 
risk’’ during a given period, therefore, is the number entering a given period 
minus one half the numbers of patients ‘‘lost’’ to the study during that period. 
In order to permit comparison and consolidation the survival data of the pre- 
vious report have been recalculated according to this method of Hill. Table 
IL presents the 10-year cumulative survival statistics for the entire series. 


TABLE II. CUMULATIVE SURVIVAL 
ALL RESECTIONS: 1933-1956 


TIME 


PERIOD DROPPED PERIOD CUMULA- 
ENDING FROM PATIENTS | PATIENTS MOR- PERIOD TIVE 
( YEARS ) DEATHS STUDY ENTERING | AT RISK TALITY SURVIVAL | SURVIVAL 
148 0 341 341 43 57 57 
46 0 193 193 23.8 76.2 43 
37 5 147 144.5 25.6 74.4 32 
9 4 105 103 8.7 91.3 30 
6 8 92 88 6.8 93.2 28 
5 10 78 73 6.8 93.2 26 
3 4 63 61 4.9 95.1 25 
6 5 56 53.9 11.2 88.8 22 
3 6 45 42 7.2 92.8 20 
3 10 90.3 


For the sake of clarity results have been presented graphically in Figs. 4, 
5, and 6. These show (1) the 5-year cumulative survival rate for the present 
series of resections compared with the original series, considering only patients 
who survived operation and therefore had the opportunity to survive (Fig. 4); 
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(2) the 10-year cumulative survival rate for the total series—all cases un- 
dergoing resection in the years 1933 to 1956 (Fig. 5) ; (3) the 5-year cumulative 
survival rates for ‘‘survey’’ cases compared with all resections for the years 
1948 to 1956 (present series) (Fig. 6). 

In the present series there was a 24 per cent 5-year cumulative survival 
rate for 127 pneumonectomies and a 33 per cent 5-year cumulative survival 
rate for 93 lobectomies. Detrimental to the survival rate of the pneumonec- 
tomy group is the higher operative mortality rate (10 per cent for pneumonec- 
tomy, 6.4 per cent for lobectomy) plus the higher incidence of ‘‘positive’’ 
lymph nodes (88) among the pneumonectomy patients (69 per cent) as opposed 
to 33 in the lobectumy group (36 per cent). Whether the lobectomy group 
would have fared better had they had pneumonectomy is speculative. 
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It is interesting to note that there has been no significant improvement 
in survival statistics in the present compared with the original series if the fae- 
tor of operative mortality is excluded (see Fig. +). It is reasonable to do this 
since many of the original series were operated upon during the developmental 
phase of surgery for pulmonary carcinoma. This should not be interpreted to 
imply that efforts to increase the extent of operation are futile. 

Cumulative 10-year survival rates are shown in Fig. 5. There is an 
appreciable mortality in the 5- to 10-year period after operation. We cannot 
say with certainty how much of this mortality can be ascribed to age and inter- 
current disease since perforce the majority of our death reports rely on elini- 
cal diagnosis and the tables are not comparable to ordinary life tables. How- 
ever, many of the late deaths, probably more than half, were the result of reeur- 
rent or metastatic cancer. There is, as might be predicted, a flattening of the 
survival curve after 5 years and it is reasonable to conclude that 5-year sur- 
vival is a significant measure of therapy in cancer of the lung. 
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The survival rate for ‘‘survey’’ cases is interesting in view of the opti- 


mistic hope now prevalent that earlier detection of cases will result in a greater 
percentage of survivals. The definition of ‘‘survey’’ cases is admittedly an 
approximate one. The 5-year cumulative survival rate for 38 ‘‘survey’’ cases 
operated upon in the years 1948 to 1956 was 42 per cent compared with 28 per 
cent for all resections carried out during the same period (Fig. 6). 
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EFFECT OF POSITIVE NODES 


One of the most difficult aspects of the cancer problem, whether it be of 
the lung or of any organ, is to measure accurately the importance of lymph 
node metastasis. There are an enormous number of variables. We have, there- 
fore, been reluctant to dwell on this aspect of the problem in the present report. 
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Our material does not permit an accurate statement of number of nodes in- 
volved and whether or not these could be defined as intrapulmonary, regional, 
mediastinal, and other conventional designations. However, as a clinical meas- 
ure, if we accept the notation of the pathologist who examined the specimen in 
a careful but ‘‘routine’’ way, we discover the following results. Of 56 patients 
undergoing pneumonectomy in the period 1948 to 1953 in whom at least one 
positive node was found, 9 were alive at 5 years (16 per cent); of 28 having 
pneumonectomies with ‘‘negative’’ nodes for the same period, produced 13 
5-year survivals (46 per cent). Of 15 patients with positive nodes who had 
lobectomy in the same period, 3 (20 per cent) survived 5 years; of 43 patients 
with negative nodes and lobectomy 15 (35 per cent) survived 5 years. 


SUMMARY 


The experience with surgical resection of primary carcinoma of the lung 
at the Massachusetts General Hospital from 1950 to 1957 has been reviewed 
and added to a similar report from that hospital which covered the years 1930 
to 1950. Complete follow-up data are available in all resected cases (341). 
These data show: 

1. In the recent 7-year period, a greater percentage of patients with 
proved carcinoma of the lung have come to operation than in the earlier series 
(55 per cent compared with 43 per cent). The resectability rate has also in- 
creased (35 per cent of proved cases compared with 25 per cent). 

2. The 5-year cumulative survival rate for all patients undergoing resee- 
tion for cancer of the lung remains approximately 28 per cent. 

3. The 10-year cumulative survival rate for such patients is 18 per cent. 
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SHOULD WE INSIST ON “RADICAL PNEUMONECTOMY” 
AS A ROUTINE PROCEDURE IN THE TREATMENT OF 
CARCINOMA OF THE LUNG? 


Julian Johnson, M.D., D.Sc.(Med.), Charles K. Kirby, M.D., and 
William S. Blakemore, M.D., (by invitation), Philadelphia, Pa. 


A A MEETING of the American Association for Thoracic Surgery in Denver 
in 1950, Allison, in discussing the paper of Churehill' and associates on 
cancer of the lung, proposed the term ‘‘radical pneumonectomy’’ to deseribe 
the removal of all possible mediastinal areolar tissue, containing the lymphaties, 
in continuity with the lung, thereby employing the principle previously utilized 
in operations for cancer in other parts of the body. 

At about that time, Watson at the Memorial Hospital in New York became 
interested in the concept of radical pneumonectomy and subsequently pub- 
lished several papers on the subject.2»* As deseribed by Watson, the dissee- 
tion starts at the apex of the mediastinum and all areolar tissue and lymph 
nodes are reflected downward as the trachea, esophagus, and other important 
structures, as well as the contralateral bronchus, are partially ‘‘skeletonized.”’ 
The pericardium is resected with the lung and mediastinal tissues after the 
pulmonary vessels have been divided intrapericardially. 

A few years ago the American Cancer Society gave wide circulation to the 
excellent motion picture made by Watson and his associates on the subject of 
radical pneumonectomy. This film implied that anyone doing less than a radi- 
cal pneumonectomy for cancer of the lung might not be doing everything pos- 
sible to cure his patients. We had been removing lymph nodes in the medias- 
tinum immediately adjacent to the hilum, going over as far as the bifureation 
of the trachea, but resected the more distant nodes only when there seemed 
to be involvement of those nodes and, therefore, found ourselves on the defen- 
sive regarding the surgical treatment of pulmonary cancer after viewing this 
film. When we asked our surgical friends around the country whether they 
performed radical pneumonectomies, they seemed hesitant to admit that they 
did not and if they did admit it, it seemed to us that they did so somewhat 
sheepishly. 

The reason for feeling on the defensive concerning radical pneumonectomy 
is that it seems so reasonable, following the same concepts which led to the 
adoption of radical mastectomy for cancer of the breast and radical right 
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colectomy for cancer of the cecum. If it is true that cancer spreads chiefly 
through lymphatic channels, it would seem that there could hardly be any 
disagreement on this subject. It is true that the lymphatic drainage tracts 
from the lung cross the mediastinum, making it difficult to remove all of the 
offending lymphatic channels even by radical pneumonectomy, but then the 
lymphatic channels from the breast often traverse the chest wall to enter the 
mediastinum, thus not being accessible in the ordinary radical mastectomy. 
The question naturally arises, will a super-radical pneumonectomy be proposed 
in which both pleural cavities are opened and the lymph node bearing tissue 
removed from both sides of the mediastinum, and the dissection perhaps car- 
ried up to and ineluding the supraclavicular lymph node bearing areolar tis- 
sue? This super-radical operation has already been proposed for mammary 
cancer and has been carried out by some surgeons. It is obvious that it is up 
to the advocates of radical pneumonectomy for cancer of the lung to demon- 
strate that it produces better results than the standard type resection. 

It should be pointed out that even the advocates of radical pneumonectomy 
do not use it routinely. Watson* * has limited its use to the patients who are 
considered good surgical risks and, indeed, only 55 per cent of his resections 
were classified as radical pneumonectomy. . 

We shall not belabor the point that radical pneumonectomy may carry a 
higher mortality than the standard procedures because it is difficult to com- 
pare mortality figures in various series done under various circumstances. 
However, it seems likely that, in general, the more radical the procedure for 
any condition, the higher the risk. When Allison discussed this point in 1950, 
he mentioned that his mortality had been very high in his early experience with 
radical pneumonectomy, although in the year of 1949 he had been able to hold 
it down to less than 5 per cent. In his total series, however, the mortality was 
23 per cent. Watson,* on the other hand, had a mortality of only 5.5 per cent 
in 74 radical pneumonectomies done from 1949 to 1951, whereas the mortality 
jumped to 25 per cent in 51 radical pneumonectomies done from 1952 to 1955. 
This seems high when one considers that only the good risk patients were sub- 
jected to radical pneumonectomy during that period. It also illustrates that 
mortality statistics may be unreliable in short series, since the difference be- 
tween the 5.5 per cent and 25 per cent in consecutive 3-year periods is so strik- 
ing. The total mortality for the 6-year period was 13.6 per cent. There can 
be no doubt that radical pneumonectomy has been carried out in the hands of 
a good many surgeons with a low mortality rate, at least for a period of time, 
but it seems probable that any thoracic surgeon who may be tempted to embark 
on such a program should give some consideration to the probability of inereas- 
ing his mortality rate at least temporarily. 

The decision as to whether radical pneumonectomy should be insisted 
upon, at least in good risk patients, must depend upon whether better results 
have been obtained than by the standard techniques. No one can deny that 
there is a certain attractiveness to the thesis that results might be improved 
by getting the last lymph node involved by lymphatic spread. It has now been 
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8 years since Allison proposed the term ‘‘radical pneumonectomy.’’ As far 
as we know, Watson has published the largest series in which 5-year survival 
data are given. In his article published in 1956,* survival data were given on 
116 patients operated upon during the years 1949 to 1951 (Table 1). Seventy- 
four patients in that group were subjected to radical pneumonectomy with an 
operative mortality of 5.5 per cent and a 5-year survival of 27 per cent. 


TABLE I. WatsoN—5-YEAR SURVIVAL IN LUNG CANCER 


QJ OPERATIVE % 5-YEAR 

RESECTION NO. MORTALITY SURVIVAL 
Radical pneumonectomy 74 5.5 27 
Simple pneumonectomy 26 (20) 23 
Lobectomy 16 18.7 25 
Totals 116 (2. 26 


Twenty-six patients in that same period had a standard pneumonectomy with 
a 5-year survival of 23 per cent, and 16 had a lobectomy with a 5-year survival 
of 25 per cent. In the total series, the 5-year survival was 26 per cent. Watson 
was encouraged to continue the use of radical pneumonectomy on the basis 
of the differential 5-year survival of 27 per cent for radical pneumonectomy and 
23 per cent for standard pneumonectomy. When one considers, however, that 
it was the good risk patients who were subjected to radical pneumonectomy 
and that age is certainly one of the factors involved in the risk, it would not 
seem at all improbable that a higher percentage of the aged were subjected to 
simple pneumonectomy and that this might very well account for the lower 
5-year survival rate in that group. It might also be suggested that the second 
3-year period may not give as good a 5-year survival since the mortality for 
radical pneumonectomy in that period jumped from 5.5 to 25 per cent. 

Gibbon and his associates*> have advocated an aggressive approach in 
resection for carcinoma of the lung. In their report covering 145 reseections,* 
the vessels were divided intrapericardially in about 50 per cent. The report 
implies, however, that the radical operation was used for the extensive lesions 
rather than the early ones. They contended that lobectomy was justified only 
when the patient’s condition would not permit a pneumonectomy.’ The 5-year 
survival in their series of 145 resections was 21 per cent. 

It seemed to us that it would be worth while to review our 5-vear survival 
data since we have performed the standard type resection exclusively in our 
series. It is true that we have sometimes done more radical operations for ear- 
cinoma of the lung, ligating the vessels inside the pericardial sae and resecting 
large masses of nodes involved by tumor, but we have not ‘‘skeletonized’’ the 
trachea, the esophagus, and the great vessels in the mediastinum in good risk 
patients with early carcinoma. Our radical procedures have been confined to 
those patients who had tumors outside of the lung, making it necessary to carry 
out a more extensive resection in order to get around the palpable tumor. 
Thus, none of our patients can be said to have had a radical pneumonectomy in 
the sense that it was proposed by Allison, 
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The experience with carcinoma of the lung at the Hospital of the Univer- 
sity of Pennsylvania from Jan. 1, 1939. to Jan. 1, 1958, was with 764 patients. 
Fifty-one per cent were explored and 33 per cent were subjected to resection. 
The operative mortality was 8.6 per cent. Not all of these patients had histo- 
logic proof of carcinoma of the lung. Some, who were not subjected to opera- 
tion, had a clinical diagnosis only and many of them were never seen by our 
surgical group. However, it was the clinical impression that these patients 
did have carcinoma of the lung and we present these data regarding the entire 
series in an effort to show the true ravages of the disease rather than confining 
ourselves only to those cases which were seen by us personally and histologi- 
cally proved. Beeause of this, the figure of 33 per cent of the patients of the 
entire series being subjected to resection may seem a bit low as compared with 
other series, but 65 per cent of those explored were subjected to resection and 
this is in accord with other reported series. In this report we have confined our 
attentions to the patients seen more than 5 years ago. In the period from Jan. 
1, 1939, to April 1, 1953, a total of 344 patients who clinically were judged 
to have cancer of the lung were seen at the Hospital of the University of 
Pennsylvania (Table II). Of these, 192 (56 per cent) were explored, and 116 
(34 per cent) were subjected to pulmonary resection. There were 9 deaths, 
giving an operative mortality of 7.7 per cent. Of this group of 116 patients, 


TABLE II. CarciInoMA oF JANUARY 1, 1939—ApPpRIL 1, 1953 


NO. OF 5-YEAR SURVIVAL 
PATIENTS NO. 


Clinical diagnosis 

Explored 

Resected 

Operative mortality 

Pneumonectomy (standard) 

Less than pneumonectomy ; 35. 


31 lived for 5 years or more, giving a 5-year survival rate of 26.7 per cent of 
those subjected to resection or 9 per cent of all patients judged clinically to 
have carcinoma of the lung. In the group subjected to resection 99 had pneu- 
monectomy with 26 per cent 5-year survival, and 17 had less than a pneumonec- 
tomy with 35 per cent 5-year survival. It will be seen that our 5-year survival 
rate of 26.7 per cent is comparable to that of Watson’s 27 per cent and is 
essentially the same as Gibbon’s 21 per cent if one takes into consideration the 
difference in operative mortality. Using the published 5-year data from the 
six clinics’ * * ® 7 shown in Table III, it would appear that the 5-year survival 
rate tends to show an inverse relationship to the operative mortality. 

It is admittedly rather early to be judging the results of radical pneumo- 
nectomy since the number of patients operated upon by that technique more 
than 5 years ago is still comparatively small. At the present time, however, 
and until further data are available, it cannot be said that radical pneumonec- 
tomy is a superior operation to the standard type resection from the standpoint 
of 5-year survival. 
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TABLE IIT. 5-YEAR SuRVIVAL—CARCINOMA OF LUNG 


% RESECTED % TOTAL 
PATIENT PATIENT 
NUMBER % OPERATIVE 5-YEAR 5-YEAR 
SENIOR AUTHOR AND YEAR RESECTED MORTALITY SURVIVAL SURVIVAL 


Churehill 1950 69 19.9 
Overholt 1956 234 15. 22. 6 
Ochsner 1956 19.2 3) 
Watson 1956 

Radical pneumonectomy 74° 5.5 

Less than radical 

pneumonectomy 42 11. 

Gibbon 1956 145 23. 
Johnson 1958 116 7.7 


It has only been within the last few years that we have had a clue which 
may help to explain why radical pneumonectomy, at least to date, has not 
been shown to be superior to the standard type resection for cancer of the 
lung. We believe the explanation may lie in recent evidence regarding the 
spread of pulmonary cancer through the blood stream as well as through the 
lymphatic channels. Dr. Fred Collier, until recently one of our pathologists, 
became interested in this problem.*® By means of special stains he studied 
the surgical specimen for evidence of blood vessel invasion. He was interested 
in knowing whether the presence or absence of blood vessel invasion in the 
surgical specimen could be correlated with the survival. In this study he found 
demonstrable blood vessel invasion in 71 per cent of the surgical specimens. 
Further studies’ indicated that blood vessel invasion was of far greater prog- 
nostie significance than the presence or absence of lymph node invasion. For 
many years surgeons" have been aware that there is considerable difference in 
the cellular type of tumors and that some tumors spread rapidly and others 
spread slowly. It seems to us that Collier and others who have studied this 
problem may have disclosed a crucial factor in the widespread dissemination 
of these tumors. As has previously been reported,’ it was found that undiffer- 
entiated carcinomas all showed blood vessel invasion, whereas only 63 per 
cent of the epidermoid carcinomas, 45 per cent of the bronchiolar carcinomas, 
and 12 per cent of the carcinoid adenomas showed blood vessel invasion. The 
presence or absence of blood vessel invasion has a profound influence upon 5- 
year survival. In our present series (Table IV), of 71 patients with blood 
vessel invasion, only 4 (6 per cent) survived 5 years, whereas of 36 patients 
without blood vessel invasion, 27 (75 per cent) survived 5 years. This is of 
much greater significance than the presence or absence of lymph node invasion. 
For example, of 53 patients with lymph node invasion, only 8 (15 per cent) 
survived 5 years, whereas of 54 patients without lymph node invasion, 23 (43 
per cent) survived 5 years. On the other hand, if the patient had blood vessel 
invasion, the presence or absence of lymph node invasion had no significance. 
In the absence of blood vessel invasion, the presence of lymph node invasion 
was of some significance since of 10 such patients, only 6 (60 per cent) survived 
5 years. The best results were in the group of 26 patients with neither blood 
vessel nor lymph node invasion in which 21 (81 per cent) survived 5 years. 
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TaBLE IV. CARCINOMA OF LUNG—5-YEAR SURVIVAL OF 107 PATIENTS SURVIVING RESECTION 


BLOOD VESSEL LYMPH NODE ALIVE 


INVASION INVASION RESECTED 5 YEARS PER CENT 
1. + 71 4 6 
2. - 36 27 75 
3. 53 15 
4, 54 2 43 
5. 
6. 
8. 


If these studies of Collier and his associates are confirmed by other groups, 
perhaps we should revise our thinking regarding carcinoma of the lung. 
Formerly, spread through lymphatic channels appeared to be the most reliable 
prognostic eriteria and it seemed reasonable to extend the scope of the opera- 
tion in the hope of getting around all lymphatie spread. Now it seems likely 
that the spread through the blood stream is of greater significance but that 
extension of the scope of the resection cannot possibly influence this factor. 
As far as we know, these observations on the relationship of blood vessel in- | 
vasion to 5-year survival have not yet been confirmed in other clinics. It is of 
some interest to note, however, that whereas our pathologists found 71 per cent 
of the surgical specimens to show blood vessel invasion, Moore and his asso- 
ciates,'? who have used a technique for demonstrating cancer cells in the blood 
stream, have found cancer cells in approximately 75 per cent of the patients 
with cancer of the lung. ; 

At the present time there are no data available to indicate when blood 
vessel invasion occurs in a cancer of the lung. We can only say that we have 
seen it present in small tumors and absent in large ones. Our data would sug- 
gest that if it is present in a small tumor, even a radical pneumonectomy is not 
likely to save the patient from widespread dissemination of the lesion. On the 
other hand, the fact that it may be absent in a large tumor has spurred us on 
to make an increased effort to get around such a tumor when it is technically 
possible to do so. It would appear obvious that if there is not blood vessel 
invasion and if the tumor has spread through the lymphaties, a radical pneu- 
monectomy might offer a better chance of getting around ‘‘that last lymph 
node’’ which may be involved. Our fear has been that the occasional gain 
made on this basis might be more than offset by an increase in the mortality. 


SUMMARY 


1. In an experience with 764 patients with carcinoma of the lung at the 
Hospital of the University of Pennsylvania, 344 were seen more than 5 years 
ago. Of this group, 192 (56 per cent) were explored and 116 (34 per cent) 
were subjected to pulmonary resection. The operative mortality was 7.7 per 
cent. Thirty-one or 26.7 per cent of those subjected to resection, or 9 per cent 
of the total number of patients, survived 5 years or more. ‘‘Radical’’ pneu- 
monectomy was not employed in this series, 
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2. The 5-year survival so far reported following ‘‘radical’’ pneumonectomy 
is not significantly higher than we have obtained with the standard type 
resection. 


3. It is suggested that until it can be shown that ‘‘radical’’ pneumonec- 
tomy produces superior results, the thoracic surgeon is not obligated to per- 
form the radical operation. However, we do not wish to discourage the resee- 
tion of all grossly involved tumor tissue and feel that the surgeon should make 
a real effort to get around the locally invasive tumor whenever possible. 


4. Studies to date indicate that blood vessel invasion as found in the surgi- 
cal specimen is of greater prognostie significance than lymph node invasion. 
Whereas there was only a 6 per cent 5-year survival in those patients showing 
blood vessel invasion in their tumor, there was a 75 per cent 5-year survival 
when blood vessel invasion was not present. This may in part account for the 
fact that radical pneumonectomy to date has not produced the great improve- 
ment in the 5-year survival rate which was anticipated. 


We wish to express our appreciation to Dr. Samuel Askowitz and Miss Mary Jane 
English for their assistance in compiling the statistical data. 
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RESULTS IN THE TREATMENT OF BRONCHOGENIC 
CARCINOMA 


An Analysis of 1,008 Cases 


Thomas H. Burford, M.D., Sol Center, M.D.* (by invitation), 
Thomas B. Ferguson, M.D. (by invitation ), and 
Harlan J. Spjut, M.D. (by invitation), St. Louis, Mo. 


eo thousand and eight patients with primary carcinoma of the lung were 
seen by the senior author and his associates at the Barnes Hospital be- 
tween Jan. 1, 1948, and Dee. 31, 1955. Appropriate data were obtained from 
the total case record of each of the 1,008 patients for this analysis. The diag- 
nosis was verified in 100 per cent of the cases by microscopic section, the mate- 
rial being obtained by bronchoscopic biopsy, sputum cytology, biopsy of meta- 
static implants, needle biopsy, frozen section biopsy at the time of thoracotomy, 
and examination of the resected specimens. 

The date of follow-up was July 1, 1957. The minimum follow-up period of 
this group was therefore 114 years and the maximum 914 years. No autopsy 
cases not seen and treated are included. <A larger experience dating from the 
first pneumonectomy for carcinoma by Graham in 1933 to 1948 is not ineluded. 
This earlier group for various reasons does not lend itself to accurate statistical 
analysis. 


DISTRIBUTION OF LUNG CANCER BY AGE 


TABLE I. 


AGE | NUMBER | PER CENT 

20-29 2 

30-39 22 2 
40-49 164 17 
50-59 375 37 
60-69 361 36 
70-79 80 8 
80-89 


100 


Totals 


SEX AND AGE 


The ratio of men to women did not differ significantly from other re- 
ported series.” ** There were approximately 8 times as many men (88.4 per 
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cent) as women (11.6 per cent). Age at the time of treatment ranged from 
24 years to 85 years. The highest incidence was encountered in the fifth and 
sixth decades (Table I). 


PATHOLOGY 


While minor differences exist among surgical pathologists in the deserip- 
tion of various types of lung cancer, most agree on a simple classification. The 
Surgical Pathology Division at the Barnes Hospital recognizes the following 
classification : 

. Epidermoid carcinoma 

. Undifferentiated carcinoma 

Adenocarcinoma 
D. Broncehiolar (alveolar cell) carcinoma 
EK. Small (oat) cell carcinoma. 


All eases of bronchial adenomata have been exeluded from this series. 


CELL TYPE 


The histologic nature of the tumors seen in this series proved very similar 
from the point of view of incidence to those reported from other centers.* The 
majority proved to be epidermoid (57 per cent). Undifferentiated carcinoma 
made up 28.5 per cent of the group, and adenocarcinoma 10 per cent (Table IT). 


TABLE II. DIAGNOSIS 


NUMBER PER CENT 


Epidermoid 

Undifferentiated 

Adenoeareinoma 

Bronchiolar 

Small (oat) cell 

Mixed epidermoid and adenocarcinoma 


Totals 


SITE 


The right lung was the site of the cancer in 580 patients, and the left in 
428. The tumor arose in the upper lobes in 485 (48 per cent) patients. The 
right upper lobe was the most frequent site (25 per cent). The distribution is 
shown in Table III. 


TABLE IIt. Site OF THE LUNG CANCER 


BRONCHUS | NUMBER | PER CENT 


Right main 8.5 
Right upper 252 25. 
Right middle 

Intermedius 

Right lower 

Left main 

Left upper 

Left lower 


Totals 


TYPE 
572 57 
287 228 
107 10 a 
13 1 
15 1 
14 1 
1,008 100 
1,008 100.0 
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SELECTION OF CASES 


In the 1,008 patients, 390 or 38.6 per cent were not considered suitable for 
exploration (Fig. 1). In each of these cases the diagnosis was verified by 
appropriate biopsy material. The vast majority were inoperable because of 
generalized spread of tumor, including diffuse cerebral or bony metastases, 
bilateral pulmonary involvement, carinal, tracheal or chest wall extension. 
The number considered inoperable because of pulmonary insufficiency was 
small because of our policy of advising exploration on all so-called borderline 
cases as Judged by function studies and clinical evaluation. Likewise very few 
patients were turned down because of co-existent cardiac or renal disease. In 
our experience, intractable heart failure is the only cardiorenal condition in 
which surgery almost invariably leads to serious difficulty. Age was not a 
deterrent. In only 2 patients, both in the 80’s, was surgery not advised be- 
cause of infirmity. 
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INOPERABLE REFUSED THORACOTOMY RESECTION 


Fig. 1—Management of 1,008 cases of bronchogenic carcinoma. 


Our policy concerning exploration in the special instances of pulmonary 
eancer has always favored the side of surgical intervention whenever possible. 
This applies to cases of phrenic or recurrent laryngeal nerve involvement, 
chest wall involvement without extensive bony destruction, and to certain 
cases with positive secalene lymph node biopsy or positive pleural fluid. Sur- 
gery in many of these instances is obviously palliative. The results of such 
procedures defy statistical analysis, since the patient may not live a day longer 
than the natural course of the disease would allow, but if the patient is done 
no harm by operation and the quality of his remaining existence is improved, 
this certainly is as great a surgical dividend as prolongation of life. Surgeons 
must remember that life for the cancer patient is a matter of quality not quan- 
tity. For this reason surgeons treating pulmonary cancer must not let them- 
selves be hampered by hard and fast rules of operability and inoperability. In 
this regard, experience and judgement count far more than the rule book. For 
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example, those who contend that a positive scalene node biopsy is a contra- 
indication to surgery will be doing a number of patients a grave injustice in 
terms of ultimate comfort. 


RESECTABILITY RATES 


In addition to the 38.6 per cent considered clinically inoperable, 15 pa- 
tients (1.4 per cent) refused surgery (Fig. 1). The remaining 603 patients 
(60 per cent) had exploratory thoracotomy, and resection was done in 356 
of them. Thus, the resection rate for the entire 1,008 cases was 35 per cent. 
In the other 247 explorations, the tumor was found to be nonresectable, the 
majority because of invasion of hilar blood vessels. 

Pneumonectomy was the preferred operative procedure for all cell types 
except bronchiolar carcinoma, for which lobectomy was favored. Of the 356 
resectable cases, 280 or 79.3 per cent, had pneumonectomies, 74 (20.2 per cent) 
had lobectomies, and 2 (0.5 per cent) had segmental resection (Fig. 2). Our 
figures show that in spite of a preference for pneumonectomy, the percentage 
of lobectomy cases has been steadily increasing. Whereas in 1948 lobectomy 
comprised only 3.3 per cent of the total resections, in 1955 the percentage had 
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1948-1955 1948 1955 
Fig. 2.—Type of resection. 


increased to 29.5 per cent. We attribute this rise to the extended use of lo- 
bectomy in palliation and in older patients with borderline respiratory reserve, 
plus its use in selected cases of small peripheral solitary tumors.’ This latter 
group has not been large in our series. In the 2 cases of segmental resection, 
1 was a mistaken frozen section diagnosis in which re-operation was not ad- 
vised, and the other was a palliative resection for a peripheral tumor with in- 
volvement of the chest wall and pain in a poor risk patient. 


OPERATIVE MORTALITY 


There were 69 deaths (11.0 per cent) within the first 2 months following 
surgical exploration (Table IV). Approximately one half of the deaths were 
due to cardiovascular complications. The routine use of prophylactic preopera- 
tive digitalization during the past few years has significantly reduced the num- 
ber of cardiovascular disturbances which endanger the life of the older age 
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patient. In the group in which the tumors were found nonresectable at opera- 
tion, the mortality was 8.8 per cent. Deaths in cases of pneumonectomy totaled 
13.0 per cent, and in the lobectomy cases 12.0 per cent. 


TABLE IV. OPERATIVE MORTALITY 


NUMBER NUMBER 
OPERATION OF CASES OF DEATHS PER CENT 
Exploration 247 22 8.8 
Pneumonectomy 280 37 13.0 
Lobectomy 74 9 12.0 
Segmental resection 2 al 50.0 
Totals 603 69 11.0 


SURVIVAL RATES 


In analyzing these results, those patients who were never heard from, once 
they left the hospital, are not included (4.4 per cent). In eases where the pa- 
tient was heard from or seen months or years later and then no further follow- 
up obtained, it was assumed that the day the patient was last seen or heard 
from was the expiration date, and that death was due to the cancer. 

Of 1,008 cases of primary carcinoma of the lung in this series, 482 patients 
were treated between January, 1948, and July, 1952. Of these, follow-up was 
obtained in 461 (95.6 per cent), which represents the total number of cases 


1007 
80- Not Resected 
60; 
2 
WwW 
= 404 
a 
207 
fe) 


YEARS AFTER DIAGNOSIS 


Fig. 3.-—Survival—461 cases, January, 1948—July, 1952. 


available for survival analysis 5 to 914 years after diagnosis (Fig. 3). Resee- 
tions were performed in 182 of these 461 cases, a resectability rate of 39.5 per 
cent. The 5-year survivors in these 182 cases numbered 40 patients, a survival 
rate of 22 per cent. Seventy patients (38.4 per cent) lived more than 2 years 
following operation. The critical period of survival in this series was the first 
30 months after resection. Of the patients who survived at least 30 months, 
75 per cent lived on to become 5-year survivors. 

There were no 5-year survivors in the remaining 279 inoperable or non- 
resectable patients, even though almost all of them were treated with x-ray 
therapy or chemotherapy or both. Seventy per cent of these patients were 
dead within 6 months, and only 4 patients, or 1.4 per cent, were alive after 
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2 years, which again emphasizes the necessity of recommending surgery if at 
all possible in the treatment of this disease. Thus, 40 persons out of the origi- 
nal group lived 5 or more years, an over-all survival rate of 8.7 per cent. 

An analysis of the resected specimens on these 40 long-term survivors 
showed, as would be expected, that epidermoid carcinoma was the predominant 
cell type, occurring in 31 of the 40 cases (Fig. 4). There were 5 eases of un- 
(differentiated carcinoma, representing 12.5 per cent of the total number. This 
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Fig. 5.—Photomicrograph showing invasion of the main pulmonary artery by epidermoid 
carcinoma. ‘The vessel wall with stained elastic fibers is at the lower left. This patient is 
alive and well more than 5 years following resection (Verhoeff-van Gieson, 125). 


gratifying finding increases our optimism about this type of cancer of the lung, 
and certainly leads us to take exception with those who believe that patients 
with known undifferentiated carcinoma should not be treated surgically. There 
were 2 eases each of bronchiolar cell tumor and adenocarcinoma. 

The 40 specimens were further analyzed for frequency of lymph node and 
blood vessel invasion (Table V). A totally unexpected finding was that 18 of 
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the 40 cases, or 45 per cent, had involvement of lymph nodes by tumor. The 
number of involved nodes in these 18 cases ranged from 1 to 7, with the average 
being 214 nodes per case. Three of the 40 cases, 8 per cent, had obvious blood 
vessel invasion on routine hematoxylin and eosin stains, and 2 of these 3 cases 
also had lymph node involvement. This high proportion of survivors with 
tumor extension to lymph nodes is unusual, since most survival statistics show 
the great preponderance of patients living 5 years have negative nodes.?)* It 
has recently been shown that blood vessel invasion may be a more important 
factor in determining prognosis than lymph node invasion! (Fig. 5). 


TABLE V. EXTENSION OF TUMOR—40 CASES WITH 5-YEAR SURVIVAL 


Lymph node involvement 18 cases—45% 
Range per case 1 to 7 nodes 
Average per case 2.5 nodes 

Blood vessel invasion 3 cases— 8% 


From July, 1952, to December, 1955, a diagnosis of pulmonary ecanecer.has 
been made in 522 eases, and 496 (95 per cent) have been followed from 114 to 
5 years (Fig. 6). The ultimate long-term survival figures are of course not 
complete, but it is interesting to compare trends in this group of cases with the 
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Fig. 6.—Survival—496 cases. July, 1952—December, 1955. 


5 to 914 year group. The number of patients we are seeing with cancer of the 
lung is inereasing each year. In the earlier period—spanning 444 years—461 
cases were diagnosed; whereas in the more recent period covering only 314 
years, 496 cases were seen. There is no indication that lesions are being seen 
at an earlier stage, for the resection rate is actually lower in the 1952-1955 
group, 32.3 per cent, compared with 39.5 per cent for 1948-1952. There is like- 
wise no indication that any significant refinement or extension of surgical tech- 
niques has been achieved, since comparison of percentage survival of resected 
cases in the 2 groups is essentially the same. Of the 160 patients resected from 
July, 1952, on, 115 have been followed a minimum of 30 months and, of these, 
20 per cent are alive. In the 1948-1952 group the comparable figure for 30- 
month survival was 25 per cent. 
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DISCUSSION 


This study once again re-affirms the discouraging uniformity of results 
that are being obtained throughout the country in the treatment of pulmonary 
eancer. Table VI shows clearly the fundamental problem: Only one third of 
all the patients who develop carcinoma of the lung are surgically resectable 
and thus eligible: for long-term survival. At Barnes Hospital there has been no 
change in the percentage of resectable cases over the past 914 years. Improve- 
ments have come in many areas in recent times. The mortality rates for sur- 
gery are quite low, the poor risk patients are being operated upon more success- 
fully, and so forth. But until a larger number of the total case group can be 
seen at a time when the lesion can be removed, it is unlikely that the 5-year 
survivor group will ever get over 10 per cent. We do not feel on the other 
hand that there is cause for too much pessimism or that talk of fate or biologic 
predeterminism should cloud the issue.* The high incidence of 5-year survival 
we obtained in cases of undifferentiated carcinoma, and in eases with gross 
lymph node and blood vessel invasion, has reinforced our feeling that the most 
important step in curing cancer is still the surgical removal of all tumor-con- 
taining tissue, and that all patients should be considered for resection if there 
is reasonable belief that this can be done. It is certainly true that there are 
some cases of pulmonary cancer where growth is so rapid and invasive that 
the patient is going to die no matter when the diagnosis is made. It is also true 
that in other eases growth is so slow that the diagnosis can be missed by several 
physicians and still a good result will ensue. But the vast majority of cancers 
of the lung we have seen progress in an orderly fashion, and without undue 
rapidity—tfrom curable to the incurable stage. This being the case it should 
be possible with all the diagnostic aids and knowledge at hand to discover them 
in the phase of growth when resection can be done on the majority. 


TABLE VI 


PER CENT PER CENT | PER CENT 


AUTHOR NO. CASES EXPLORED RESECTED 5-YEAR SURVIVALS 


Burford. 1,008 
Gibbon 532 
Kirklin 767 
Ochsner 1,170 
Overholt 733 


SUMMARY 


1. One thousand and eight histologically confirmed cases of bronchogenic 
carcinoma have been seen between Jan. 1, 1948, and Dee. 31, 1955. 

2. The distribution as to sex, age, cell type, and site of origin did not dif- 
fer significantly from other reported series. 

3. Surgical exploration was carried out in 60 per cent of cases. Resection 
was possible in 35 per cent. Pneumonectomy comprised 80 per cent of the 
resections, lobectomy 20 per cent. The percentage of lobectomy cases increased 
from 3 per cent in 1948 to 30 per cent in 1955. 

4. The over-all operative mortality was 11 per cent. 
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5. The 5-year survival rate for all patients followed an adequate length of 
time was 9 per cent. In the select group in whom surgical resection was pos- 
sible, the 5-year survival rate was 22 per cent. 

6. Study of the resected specimens from the 5-year survivors revealed 
epidermoid carcinoma to be the most prevalent cell type (77.5 per cent), but 
a surprisingly high number of undifferentiated tumors (12.5 per cent) were 
present. Almost half (45 per cent) of the specimens showed lymph node in- 
volvement, and 8 per cent had blood vessel invasion. 

7. Surgical resection could be done in only 1 of each 3 diagnosed cases. 
This ratio remained unchanged throughout the 8-year span of this series. 
Significant increase in 5-year survivals will be possible only through an in- 
crease in the pereentage of resections performed. 
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DIsScUSSION 


(PAPERS BY CHURCHILL [PAGE 301], JoHNSON [PAGE 309], AND BuRFORD [PAGE 316] AND 
THEIR ASSOCIATES) 


DR. RICHARD H. MEADE, Grand Rapids, Mich—We have heard three excellent 
papers on a very important subject. I was fortunate in being present at the meeting in 
1933 when Dr. Graham reported his case. It is rather interesting that he was not on the 
program and, after some of the papers had been read, he rose and said, ‘‘Gentlemen, I 
think you will be interested in something I did last week.’’ He then told us about this case. 
I think we should remember that the longest surviving patient with carcinoma of the lung, 
operated upon by Dr. Graham 25 years ago, had the most conservative type of pneumonectomy 
possible. There was no attempt to remove adjacent glands, and some lung tissue was left 
around the stump. 

It occurs to me that the best way to study this problem is not shown in the series of 
cases presented today but rather from autopsies of patients who have had successful resections, 
to see what happened to them. Through the co-operation of Sir Clement Price Thomas in Lon- 
don, we have been able to study 73 cases; 50 of these were simple pneumonectomies and 23 
were lobectomies. The average length of life at autopsy was 20 months; this interval 
varied from 3 months up to 96 months, the longest being 8 years before death. 

There was no recurrence of cancer in 32 per cent at the time of autopsy. There was 
recurrence in ipsilateral glands in 28 per cent and in contralateral glands in 4 per cent. 
There was no recurrence in the pulmonary vessel stump in any case, and three recurrences in 
the pericardium. 
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In the 23 lobectomies there was no recurrence in 26 per cent; there was recurrence in 
the ipsilateral glands in 21 per cent, and no recurrence in the pericardium. ; 

It is my hope that during the course of the next year I may have the co-operation of 
this Association so that a representative series may be studied. I believe this is a very 
interesting way to approach the problem, to see the end results of pulmonary resection. 


DR. GABRIEL P, SELEY, New York, N. Y.—I would like to discuss the paper of Dr. 
Johnson. For a number of years at the Mt. Sinai Hospital in New York, Dr. Otani has 
studied all specimens removed for cancer of the lung, with particular reference to blood 
vessel invasion. He has found a great number of cases of blood vessel invasion, but partic- 
ularly adenocarcinomas. As a matter of fact, in every case of carcinoma of the lung with 
the histologic classification of adenocarcinoma, there has been definite blood vessel invasion. 
I also wish to bring to your attention the fact that in prognosis of cancer of the lung, 
the histology is extremely important, and you will notice in Dr. Burford’s figures there 
was an extremely high mortality rate and very poor survival rate in the adenocarcinoma 
group. I think one should take these things into consideration by doing very careful studies 
including neurological examinations, electroencephalograms, and bone surveys when one 
suspects an adenocarcinoma of the lung. In addition to this, as to the specific technique 
at the time of operation, one should respect these tumors, manipulate them as little as 
possible and, as a matter of fact, one should make every effort in all cases of carcinoma 
of the lung, but particularly adenocarcinoma, to first isolate the veins and ligate them 
before any manipulation of the tumor itself. 

I would like to ask Dr. Johnson whether, in his experience with the blood vessel 
invasion cases, the adenocarcinomas have had such a high invasion rate as we have found 
at Mt. Sinai Hospital. 


DR. ALFRED HURWITZ, Brooklyn, N. Y.—I rise solely to take mild issue with Dr. 
Burford on one aspect of his discussion when he implied that other than the overt, surgeon- 
induced complications, surgery for carcinoma of the lung can do no harm. Unfortunately, I 
have had a few patients whose postoperative course has been characterized by the rapid 
development of disseminated metastases and death. Some of these patients have been 
followed by their physicians for 2 to 4 years and have had minimal symptoms and little 
if any change in the size of their lesions. Rigler has described some interesting cases of 
bronchogenic carcinoma where there has been little or no change in size on x-ray for as 
long as 5 and 6 years. Paulson discussed our present dilemma and pointed out that it would be 
a greet boon to mankind if we could develop some biochemical test which would help us to 
decide which patients would react adversely to surgery and which ones would be benefited 
by excisional surgery. I am convinced that at times we may destroy the patient’s biologic 
resistance or state of predeterminism which he may have amassed over a long period. 

I also noticed one omission in all three papers. None of the speakers discussed their 
criteria for defining operative mortality. I hope they will define what they mean by operative 
mortality. 


SawoT 
DR. IRVING A. SHOR, New York, N. Y.—In 1934, Dr. Rabin and Dr. Neuhof called 
attention to the fact that carcinomata of the lung which appeared as circumscribed shadows on 
the roentgenogram were much more likely to be operable than those which did not produce 
a discrete circumscribed shadow. My study, in 1941, confirmed this observation. 

The question has arisen as to what influence the microscopic cell type has on 
operability. This was studied in a series of 426 consecutive cases by Drs. Ragin, Schein, 
Rubinstein, and myself. There were 117 circumscribed tumors and 309 non-circumscribed ones. 

Although the cell type does influence operability, the circumscribed tumors are much 
more apt to be operable in each cell type. Thus, in the mature squamous carcinoma, which 
s the most favorable, the percentage of operability of the circumscribed tumors was twice 
is great as the non-circumscribed ones. The difference was even more striking in the 
umors of the less favorable cell types; namely, the immature squamous, adeno-, anaplastic, 
and small cell carcinomas. In these types, the ratio was 6 to 1 in favor of the cireumscribed 
‘umors. 
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It must be concluded that the circumscription of the growth is a more accurate index 
of operability than the cell type. 


DR. WILLIAM G. CAHAN, New York, N. Y.—Dr. Graham showed that it was 
possible to cure cancer of the lung by surgery. Long-term survivals have been reported, 
not only after simple pneumonectomy but after lobectomy and wedge resection as well. 
This suggests that there must be various elements in survival apart from the magnitude of 
the operation, Nevertheless, in 1949, I wondered if there would be any improvement in 
chances of cure if the mediastinal lymph nodes were added to pulmonary resection as part 
of radical lobectomy or radical pneumonectomy. 

At the 1951 meeting of this Association, as a group, we presented the rationale and 
step-by-step technique of our version of a radical pneumonectomy. This block dissection 
was based upon principles of cancer surgery elsewhere within the body. It seemed particularly 
applicable to lung cancer, for pathologists had been unanimous in describing mediastinal 
lymph nodes as being the most frequent sites of metastasis, regardless of size, position, 
and histologie type of the primary tumor. 

At Memorial Center, we have performed 150 radical pneumonectomies and over half 
of these were done by residents as their first pneumonectomy. It is too soon to evaluate 
the procedure thoroughly, particularly in the light of variables that surround the behavior 
of lung cancer. After all, radical mastectomy is still controversial after 60 years! But 
we have been puzzled by certain attitudes about the mediastinal nodes at the time of 
thoracotomy. Why, for example, do some surgeons’ still rely upon palpation as the sole 
method of detecting the presence or absence of metastases? Why do others select a mediastinal 
lymph node for frozen section and, if this proves to be positive, assume all is hopeless; or 
if it proves to be negative, consider further lymphatic dissection needless? They would cer- 
tainly not apply these principles to an abdominoperineal resection or radical mastectomy, 
for example. 

Now it is said that venous invasion ‘may be more significant in prognosis than lymph 
node involvement, but this may be said also to be true of other sites of cancer, and yet no 
lesser procedure is performed. In any event, unless grossly evident, venous invasion can 
only be found in the postoperative specimen and, as such, it cannot in any way influence 
the type of procedure performed; whereas lymph nodes may be excised or left behind. 
In addition, we have seen survivors of 5 or more years who have shown blood vessel invasion 
in the excised specimens, but we know of no such survivor where proved positive mediastinal 
lymph nodes were allowed to remain. Remember, positive lymph nodes left in situ are not 
dormant; they can serve not only as sources of invasion, but are capable of giving rise to 
second generation—or daughter—metastases as well. 


The crux of the problem is to determine whether there are significant numbers of 
long-term survivors in those who have positive mediastinal lymph nodes removed, lymph nodes 
that would be left behind if a less extensive dissection had been performed. There are 
several patients in this category now and they will be reported later. 


We cannot solve this by rhetoric; we cannot insist, or say with conviction, that the 
inelusion of lymph nodes is a worth-while addition to a lobectomy or a pneumonectomy, 
but by the same token no one can say we are wrong. 


DR. JULIAN JOHNSON, Philadelphia, Pa.—The question was asked about blood 
vessel invasion in adenocarcinoma. It was 81 per cent in our series. It was 100 per cent in 
the undifferentiated tumors. The question was asked regarding a definition of operative 
mortality. If the patient died within 1 month of his last operative procedure, it was 
reported as an operative death. 

I would like to point out that we quoted Watson’s work so extensively simply because 
his were the best results we could find for radical pneumonectomy. I hope it is clear that 
it is not our desire to talk any group out of the use of radical pneumonectomy in the 
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treatment of cancer of the lung. We only wish to show that the thoracic surgeon need 
not feel obligated to perform a radical pneumonectomy as opposed to the standard resection 
for cancer of the lung, as judged by the 5-year survival data at present available. 


DR. ALTON OCHSNER, New Orleans, La.—I am extremely happy to speak this 
morning for two reasons. First, because this session is dedicated to the memory of 
Evarts Graham. I was fortunate in being a senior student at Washington University when 
Evarts came to Washington as the new Professor of Surgery. Evarts and I became very 
close friends and he used to chide me a lot because I thought there was a very definite 
causal relationship between smoking and cancér of the lung. It was not until a number 
of years later that he became convinced that there was a relationship, and in his typically 
honest way he wrote to me and said, ‘‘I am going to have to eat crow. I think you are right.’’ 

This morning I would like to discuss some of the factors which might influence 
prognosis in bronchogenic cancer. (slide) Unfortunately, our results are not as good as 
those which have been reported. We have had 47 5-year survivals, and I would like to call 
attention to the fact that sex apparently plays a role. As you can see, 268 patients who 
were operated upon 5 years previously did not survive; the male-female ratio was 8:2, 
whereas in the 5-year survivors the male-female ratio was 4:8. So that, although carcinoma 
of the lung is relatively infrequent in women, when it does occur in women it offers a 
better prognosis. 


Also, age in our series was of prognostic importance. Of the 5-year survivors, 38 
per cent were less than 50 years of age, 61 or 62 per cent were between 50 and 70, and 
there were no 5-year survivors beyond the age of 70. In contrast, in the over-all group 
only 21 per cent were less than 50, 68 per cent between 50 and 70, and 10.5 per cent 
beyond 70. 

The type of lesion, as someone mentioned, is a factor. Whereas 48.8 per cent of those 
not surviving had epidermoid carcinomas, 68 per cent of those who did survive for 5 
years had epidermoid carcinomas, and the prognosis is worse in the adenocarcinoma group; 
only 8 per cent of all our 5-year survivors had adenocarcinomas. 

(slide) It is a well-known fact that lesions of the lower lobe offer a worse prognosis 
and that they tend to metastasize. Until recently, these metastases were thought to be 
blood borne, particularly those of the suprarenal. Dr. Kenneth Meyer, one of my associates, 
working in the Laboratory of Anatomy at Tulane, has shown that there are definite lymphatic 
connections between the lower lobes of both lungs and the lymphatics below the diaphragm, 
to the suprarenal gland. This shows it in the right lung; this shows it in the left lung. 

So there is a definite lymphatic connection between the lower lobes and the lymph nodes 
of the abdomen. We have had a total of 1,453 cases, of which 44 per cent were inoperable. 
There were 818 considered operable. We cannot talk these people into being operated 
upon as well as they can at Barnes Hospital; as you see 7 per cent of our patients refused 
surgery. There were 759 patients explored, which is 52 per cent of the entire group. 
There were 282, or 37 per cent of those explored, who were found to be nonresectable, 
with a 20 per cent mortality rate. That 20 per cent mortality does not represent the 
exploration but it represents the extent of the disease. There were 477 resected, which 
is a little less than one third, with again a 20 per cent mortality rate. In all the survival 
studies, the hospital deaths are included. 

The resectability incidence has distressed me a great deal. You can see that from 
1914 to 1956 there has been tremendous variation in resectability incidences. In 1944 we 
had our low resectability incidence of 18.8 per cent. It then increased, as one would expect, 
heeause with the information that cancer of the lung was a common disease and should 
e diagnosed more frequently, in 1948 we had an all time high of 47 per cent. Then there 
was an almost progressive downhill trend in resectability incidence until 1955 when we 
reached almost an all time low. This, I am sure, reflects the fact that about 12 years ago 
there was a great deal in our literature about viral pneumonitis, and this was succinctly 
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ealled atypical pneumonitis. But, unfortunately, the medical profession has come to think 
of atypical pneumonitis as being synonymous with viral pneumonitis, and I am sure that 
the decrease in the incidence of resectability is due to the fact that these patients were 
treated for months with a diagnosis of viral pneumonitis when in reality they had a 
bronchogenic cancer. 

As I mentioned, age plays a role in all of our survivals; 38 per cent were under age 
50, and 62 per cent were between 50 and 70. 

Nodal involvement was also a factor. These are clinical laboratory investigations. 
Where there is evidence of extension beyond the lung at the time of operation, the surgeon 
designated it as a palliative procedure. I would like to call attention to the fact that 
in our series, 42.5 per cent had extension beyond the lung at the time of operation. So 
that, although these represented extensive disease that extended beyond the lung, this 42 
per cent did survive 5 years. ; 

Of the total series, 80 per cent had nodal involvement, 38 per cent had pleural in- 
volvement, and 6 per cent had distant involvement. I do not want you to get the impression 
that we operate upon people who have evidence of distant involvement; we do not. These 
were people in whom we felt there was no evidence of distant involvement, but who died, 
and autopsy showed that they did have distant involvement. Of the 5-year survivals, 34 
per cent had nodal involvement, and 8.5 per cent had extension elsewhere to the pleura or 
to the chest wall. ‘. 

Of our cases, 34 per cent of the survivors had nodal involvement and 66 per cent no nodal 
involvement. 

(slide) This is the recapitulation of what I have given you. In those in which the 
lesion was limited apparently at the time of operation, 32 per cent are alive after 5 years; 
of all the resections, 15 per cent, and in those in whom there was extension beyond the lung 
of some type, 9 per cent. One must consider this in the light of the mortality rate in the 
general population; at this age only 85 per cent of these people in the general population 
are alive after 5 years. I feel that, after a period of 3 years, the decrease in the survival 
rate is almost entirely due to other causes rather than carcinoma of the lung. So I think 
one can say, as Dr. DeBakey and I called attention to a number of years ago when we made 
our first survival report—about 10 years ago, if a patient is alive and well at the end of 
3 years, following extirpation therapy for bronchogenic cancer, his chance of living without 
evidence of disease is good. We have had 2 patients who have developed carcinoma in 
the opposite lung after their 5-year survival. These are the only 2 patients who did not 
discontinue smoking. 
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CORONARY HEART DISEASE AFTER TWENTY-FIVE YEARS 
Claude S. Beck, M.D.,* Cleveland, Ohio 


T Is an honor for me to present this paper on this part of the program 
designed to commemorate Dr. Evarts Graham. There is no other 
place more appropriate to honor Dr. Graham than at this meeting. It 
is our pleasure to think of him today and it is easy to imagine him sit- 
ting here in the first row of seats listening intently to everything that 
is said, with the speaker watching him to see how he is reacting. 
Although he is not here, he will live with us for many years be- 
cause he created so many memories that have enduring value. He 
had a positive dynamic mind, a restless curiosity, a strong body which 
enabled him to work and, in addition, he had the courage and the 
power to speak out for those things in which he believed—these were 
some of the qualities that made him the great surgeon that he was. 
His contributions are of such value that he will live long in the 
annals of medical history. 


INTRODUCTION 


The history of coronary heart disease, the world’s greatest killer, may 
be divided into three periods identified as follows: (1) by the correct location 
of the disease, (2) by the electrocardiogram, and (3) by the recognition of 
the axiom for treatment. The fourth period, of questionable realization, is 
that of prevention and retardation of the disease. 


CORRECT LOCATION OF THE DISEASE 


This was accomplished in the 1912-1918 period! when the seat of the disease 
was moved from the stomach to the heart. This was done not without opposi- 
tion from the medical profession. By present-day standards this should not 
have required deep thinking. In that period there were great internists and 
pathologists, and necropsy examinations were not uncommon. But then, as 
now, the medical profession knew so much that was not so. It was of ele- 
mental importance to find the correct location of the disease but this did not 
change treatment. ‘‘Therapy had not progressed much beyond that used dur- 
ing previous centuries, consisting almost exclusively of rest and sedation.’”” 
To this has been added the use of anticoagulants. There exists a strange com- 
placeney toward this disease. There is no relationship between treatment and 
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death. There is no responsibility for death. This futility has paralyzed the 
thinking and has created the belief that to do noth; more than the old rou- 
tines is to make no mistake. Nowhere in medicin s there such intellectual 
emptiness as exists in the understanding and treatn.. * of this disease. 


THE ELECTROCARDIOGRAM 


The electrocardiogram has disguised this vacuum and has given respecta- 
bility to the knowledge of the subject. The electrocardiogram has risen to 
great heights in the erudition of this disease whereas blood supply to ischemic 
muscle is dwarfed into nothingness. This false relationship in values enabled 
the electrocardiogram to dominate the picture of the disease. It has even 
enabled it to pass as therapy. Many a patient believes it helps him because his 
physician takes so many of them. He knows they are expensive. Little does 
he know that they were not designed for treatment. Someone should speak 
out against unnecessary usage of the electrocardiogram and place it in its 
proper relationship to the augmentation of blood supply to ischemic muscle. 
Is this not an obligation of the medical cardiologist ? 


AXIOM OF THE DISEASE® 


After a coronary artery is stenosed or occluded, the fate of the patient 
depends upon the amount of blood in the ischemic muscle formerly supplied 
by this diseased artery. Addition of blood preserves life; subtraction of blood 
destroys life. This is the elementary starting point for effective treatment 
and it has been almost entirely disregarded. It may be assumed that several 
of the medicaments, because they temporarily relieve pain, do temporarily 
provide blood to ischemic muscle. However, there has been little or no proof 
of this until recently when trinitroglycerine was tested in the author’s re- 
search laboratory. Furthermore, there is no evidence to indicate that any 
of the medicaments change the anatomy of the crippled coronary circulation 
or that they make intercoronary communications. For long-term protection, 
therefore, medical therapy fails to develop collaterals which are the require- 
ments of protection when either stenosis or occlusion of an artery develops. 


PREVENTION AND RETARDATION 


The contemplation of the period when arterial disease in the heart can 
be prevented or retarded produces an aura of greatness. If it can be pre- 
vented in the heart no doubt the same biologie principles will prevent it in 
the brain, extremities, and elsewhere in the body. Next to food, shelter, and 
the absence of war there is probably nothing more important. On a practical 
and realistic basis, however, prevention should not be confused with treat- 
ment. Between these two there is no relationship. The expectation of good 
things to come also contains the possibilities of slow progress or even failure. 
Expectation is no solace for the status quo in treatment. Society has a right 
to demand that methods for effective treatment be investigated now. Society 
has not been informed of the ineffectiveness of long-term medical therapy. 
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CONTRIBUTIONS FROM THE LABORATORY* 


These are based © ‘n approximately 6,000 experimental operations on 
dogs in the past 25 ye s. The motivation of these experiments was to im- 
prove the crippled ¢ *ouary circulation. While this was a guide in this work, 
physiologic concey s were also brought into being which explain the benefit 
produced by the experiments. Also the facts from the laboratory shed light 
on some of the clinical aspects of the disease. For example, the three death 
factors of the disease were given definition and the requirements for treat- 
ment of each death factor were brought under scientific scrutiny. The re- 
versible nature of one of these death factors was defined and reversibility from 
death to life was accomplished in several human beings who had died from 
the disease. 

Some of our experimental work has little or no application to treatment 
at the present time and this part of the work is omitted from this presenta- 
tion. This includes the work on retrograde flow by placing a graft between 
aorta and coronary sinus. This approach protects the heart more than any 
other procedure that we developed, but it has certain side effects which are 
unfavorable and the operation of placing this graft is a difficult technical pro- 
cedure. Important physiology was established by this work even though it 
may not have application to treatment of this disease at the present time. 
The work on the direet manipulation of the coronary arteries themselves, such 
as cleaning them out or placing shunts or grafts in them, is also omitted as 
impractical at the present time. These contributions from the laboratory are 
referred to briefly. 

1. Blood supply to ischemic muscle is the axiom for treatment. When a 
ligature is placed around the origin of the descending ramus of the left 
coronary artery, 5 ¢.c. of blood per minute delivered to this occluded artery 
will preserve the heartbeat in the dog. Additional blood gives additional 
protection. Reduction has the opposite effect. This amount of blood does 
not support contractility of muscle nor does it prevent infarction, but in a 
large series of dogs it preserves the heartbeat. As stated above, this axiom is 
nothing less than the elementary starting point for effective therapy. 

2. The electrical condition of the heart in relation to its oxygenated 
blood supply was investigated and four facts were established. In these ex- 
periments the heart was exposed and electrograms were taken from its surface 
by sweeping a cotton electrode moistened in sodium chloride solution across 
the ventricles. The following facts were established :° 


a. A uniformly well-oxygenated heart is electrically stable. The pat- 


tern of the electrogram is the same from any part of the ventricles. 

b. A uniformly and deeply cyanosed heart is electrically stable. Cyanosis 
is produced by clamping the intratracheal tube in the anesthetized dog. 
The pattern of the electrogram is the same as in ‘‘a.’’ The cyanosed 
heart does not fibrillate. It stops in standstill. A blue baby has a stable 


heart. The facts referred to in ‘‘a’’ and ‘‘b’’ indicate that electrical 
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stability of the heart is independent of the amount of oxygenated blood 
delivered to it. Electrical stability is based upon a uniform distribution 
of the heart’s own blood regardless of the amount of oxygen in this blood. 
In other words, stability is not related to oxygen content of muscle. 


c. Ligation of a coronary artery produces an area of cyanosis in the 
muscle formerly supplied by this oceluded artery. A blue or cyanosed 
island of muscle is produced in a pink or well-oxygenated heart. The 
S-T segment of the electrogram is elevated over the well-oxygenated 
muscle. It is depressed over the eyanosed muscle. This heart is elee- 
trically unstable and may fibrillate. 


d, A coronary artery such as the descending ramus of the left coronary 
artery is cannulated. Into this artery, well-oxygenated blood is perfused. 
The intratracheal tube is clamped and the heart becomes cyanosed except 
the area supplied by perfused blood. This produces a pink, well-oxy- 
genated area in a blue eyanosed heart. The electrogram is the same as 
in ‘“‘e.’’? The S-T segment is elevated over the well-oxygenated muscle 
and depressed over the cyanosed muscle. This heart is electrically un- 
stable and may fibrillate. A baby with one coronary artery coming off 
the aorta and the other from the pulmonary artery has anginal pain and 
an unstable heart which may fibrillate. Two conclusions are established 
by experiments referred to in ‘‘e’’ and ‘‘d.’’ One is that an uneven or 
checkerboard distribution of oxygenated blood produces electrical in- 
stabillity, fibrillation, and death, and these sequelae are produced by 
ligation of a coronary artery in a well-oxygenated heart or by delivery of 
well-oxygenated blood into a cyanosed heart. The heart electrocutes 
itself. The other conclusion concerns a long-standing physiologic con- 
cept that occlusion of an artery produces ‘‘ecurrent of injury.’’ The 
placement of pink and blue muscle in juxtaposition does not require in- 
jury of muscle. The correct term for this is ‘‘electrical instability due 
to oxygen-differentials.’’ Reduction in the degree of oxygen differential 
makes the heart electrically more stable. Increase in the degree of dif- 
ferential makes the heart electrically more unstable. Current of injury 
is an incorrect term and expresses an ineorrect physiologic concept. 


3. When a coronary artery is occluded two distinet and different bio- 
logic phenomena occur. One is electrical instability. The other is death of 
muscle (Fig. 1). One may occur without the other. Both may occur to- 
gether. Thus, the heart can electrocute itself without infaret. Infaret, even 
successive infarcts, may develop without an electrical condition strong enough 
to fibrillate the heart. This separation is essential in order to understand the 
physiology of the disease and its clinical manifestations. 

4. There are two approaches to effective treatment. Both of these con- 
form to the axiom in Item 1. 

a. Distribution of the heart’s own blood so that a red cell, after it gets 
by the stenosis in the arteries, can go anywhere within the substance of 
the heart where it can do the greatest amount of good. 
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b. Addition of blood from outside sources, from grafts on the heart, by 
retrograde flow through veins, or by cleaning out the diseased arteries 
themselves or by other manipulations on these arteries. On the basis of 
considerable experimentation, the statement can be made that the heart 
resists the entrance of outside blood. It is not impossible to demonstrate 
arteries between graft and heart large enough to carry blood but their 
occurrence in experiments is infrequent. Perhaps better methods can be 
developed. Direct manipulation of the coronary arteries in my experi- 
ence has not been successful. 


Electrical Instability 


Muscle 
Damage 
Fig. 1—Two sequelae of occlusion or stenosis— (1) muscle damage, and (2) electrical 
instability. These responses are independent of each other. Viability of muscle is related to 
amount of blood supply; the electrical condition is related to distribution of blood. There is 
no conflict with the science when death occurs without infarct (as on the golf course) or 
in the presence of what the clinician refers to as a mild occlusion. The term mild is 
scarcely correct when it is associated with death and probably should not be used. 


5. The amount of blood necessary to reduce the sequelae under Item 3 
is in the range of several cubic centimeters per minute. In the human heart, 
as in the dog heart, there is always some blood in the ischemic muscle beyond 
the occlusion. The amount is variable and measures several cubic centimeters 
per minute. Quantities in the range of 2, 4, or 6 ¢.c. per minute added to that 
which is already present reduce the sequelae of occlusion. If this fact from 
the laboratory were properly appreciated, the opposition to the surgical ap- 
proach in treatment would be reduced. Only the scientist in the laboratory 
appreciates the value of several cubic centimeters of oxygenated blood per 
minute delivered to ischemic muscle. This lack of understanding is, indeed, 
an unfortunate condition as it is fundamentally related to effective treatment 
of this disease. 
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6. Quantities of blood within this range are made available by the pro- 
duction of intercoronary arterial anastomoses and these can be produced by 
surgical operation. Several procedures contribute to their development. The 
author’s operation consists of abrasion of the lining of the parietal peri- 
eardium and surface of the heart, narrowing of the coronary sinus to a 
diameter of 3 mm., a light application of 5 per cent aqueous solution of 
trichloracetic acid to the surface of the heart between coronary arteries, 
light application of powdered asbestos to the surface of the heart, and the 
application of parietal pericardium and mediastinal fat as a graft to the 
surface of the heart. Narrowing of the sinus and abrasion of the epicardium 
are omitted if the heart is irritable at operation. 


Fig. 2.—Sketch of Hahn-Beck heart. The artery in black is the circumflex ramus of 
the left coronary artery. It is the only coronary artery that carries in blood and this blood 
goes through an opening of 1 mm. in diameter. The descending artery and the right artery 
are occluded, These are stippled and they receive blood from the circumflex by way of inter- 
coronaries indicated by the arrows. Once a red blood cell gets by the stenosis it can go any- 
where in the substance of the heart where it is needed most. 


7. Operation under Item 6 makes it possible to utilize the heart’s own 
blood in the most effective way. It may not add new blood to the heart from 
outside sources but it does make more blood available to ischemic muscle from 
contiguous areas of muscle possessing a good blood supply. The average 
amount that it adds to ischemic circumflex muscle is 4.7 ¢.¢. per minute or 
282 ¢.c. per hour. The average amount that is already in the circumflex area 
of muscle after the artery is ligated in normal dogs is 3.8 ¢.c. per minute. 
After operation the average amount is 8.5 ¢.ec. per minute. The average 
inflow into this artery in normal dogs is about 34 ¢.c. per minute.® The 
amount available after operation and subsequent occlusion, therefore, is 
approximately 25 per cent of the normal inflow. It is raised by operation 
from 11 per cent of the normal inflow to 25 per cent of the normal inflow. 
This is significant protection. 

8. The normal coronary arteries are capable of delivering much larger 
quantities of blood than the amount that flows through the capillary bed. As 
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stenosis of the coronary arteries develops, the first conflict with normal 
physiology is produced by an uneven distribution of the blood that enters 
these diseased arteries. Distribution versus amount involves a fundamental 
concept in physiology. In the dog, all coronary inflow except that which 
goes through an opening of 1 mm. in diameter in one artery is enough to 
support the heartbeat and provide normal activity (Hahn-Beck dogs)’ (Figs. 
2 and 3). In the human being, an opening of 1.5 mm. in diameter can sup- 
port the heartbeat. This blood must be evenly distributed in order to sup- 
port the heartbeat. If it is not evenly distributed, the heart electrocutes itself. 
As the stenosing process becomes more severe, the second conflict with the 
physiology appears when there is not enough blood in the substance of the 
heart to support the heartbeat. 


l.Scm.long cm.long 


315 cc. 
40cc. 


per min. 


Fig. 3.—Rigid tube systems with stenosis. These flows are sufficient to maintain life. 
The dog has a flow of about 100 c.c. per minute through the capillary bed and the flow in 
the human being is.about 250 c.c. per minute. 


9. The operation under Item 6 has been well tested by the Mautz-Gregg 
backflow measurements,*® by mortality after test artery occlusion, by infaret 
size in dogs that recover from test artery ligation, and by electrocardio- 
graphie evidence. The average backflow is increased 4.7 ¢.c. per minute or 
282 ¢.c. per hour. The mortality rate is reduced when a major artery is o0c- 
cluded. For the descending ramus of the left coronary artery at its origin 
the reduction is from 70 per cent for normal dogs to 26.6 per cent for dogs 
in which the heart was previously protected by operation. The size of the 
infaret is reduced by 60 to 70 per cent. The electrocardiogram shows fewer 
and less severe alterations after artery occlusion in the protected dogs. A 
large amount of evidence indicating protection has been established. 

10. There is still another fact concerning the value of several cubic 
centimeters of blood to ischemic muscle. A eritical period exists when an 
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artery becomes occluded. If the heartbeat is maintained after occlusion for 
several days or for 1 or 2 weeks then intercoronary channels develop. It can 
be stated that they always develop after occlusion and they are of good size.® 
The blood made available to ischemic muscle by operation helps to maintain 
the heartbeat over the critical period so that nature has time to provide addi- 
tional intercoronaries. This may be considered as an extra protection, so 
to speak, from the operation. 


Normal Progressive Disease 


Electrical 
Insta~ 
bility 


Inflow 
Reduc— 
tion 


Muscle 
Destruc— 
tion 


Death Factors 


Fig. 4.—Three death factors in coronary heart disease—(1) self electrocution of the 
heart, (2) terminal stage in reduction of arterial inflow, and (3) terminal stage in destruc- 
tion of muscle. Requirements for treatment of each factor can be determined. 


THE INFLUENCE OF THE LABORATORY UPON CLINICAL CONCEPTS 


The facts established in the laboratory are not only applicable to the 
treatment of the disease in the human being but they give some degree of 
order to the clinical understanding of the disease. Of fundamental importance 
are the three death factors in coronary heart disease (Fig. 4) and the combi- 
nation of these factors as found in necropsy examinations (Fig. 5). 

11. One factor of the disease that kills is by self electrocution of the 
heart. The majority of the deaths are due to this factor. It kills under a 
variety of conditions, on the golf course, when shoveling snow, when watch- 
ing an exciting contest, during physical exertion, at rest, ete. In many in- 
stances the heart is too good to die. Sometimes this death factor is reversible 
and life can be restored.’ The author actually accomplished this in 2 hu- 
man beings who died from the disease and who are living several years later. 
If the profession were prepared, no doubt, restoration of life could be accom- 
plished outside the hospital and a large number of lives might be saved. 
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The term ‘‘mild oeclusion’’ is a clinical syndrome often described by the 
cardiologist. When a patient with a mild occlusion dies the terminology is 
wrong and a paradoxical situation is created. The term ‘‘mild oceclusion’’ 
is used to refer to muscle damage without reference to the electrical con- 
dition that might assert itself. There should be no mystery in this association. 
Perhaps the term ‘‘mild oeclusion”’ should not be used. 


A 
Inadequate Inflow. Stenosis. Electrical Instability. 


D 
Stenosis. Occlusion. Myocardial Failure, Stenosis. Occlusion. Infarct.Electrical Instability. 


; Fig. 5.—Various combinations of these factors are present in the heart. A, Inadequate 
inflow without infarct; B, self electrocution without infarct; C, muscle failure; D, self 
electrocution with infarct. 


12. The incidence of self electrocution of the heart is reduced by the 
presence of intercoronary communications. This is probably the only death 
factor for which, at the present time, there exists effective surgical treatment. 

13. Another death factor is inadequate inflow to support the heartbeat. 
The muscle may or may not be severely damaged. There is no effective 
operation for this condition at the present time. Clinical recognition of this 
condition is not always possible. Loss of strength and inability to get 
around may indicate severe inflow reduction. 
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14. The third death factor is loss of muscle. There isn’t enough muscle 
to propel the blood and failure develops. The heart is enlarged. The only 
treatment is that for failure. There is no operation for this. 

These 14 points convey the author’s point of view concerning coronary 
heart disease. By design these points concern physiology and effective treat- 
ment. The origin and development of these points were slanted toward ther- 
apy. They break away from the established medical point of view as though 
a different disease is under consideration. 

In this new design, the axiom for treatment displaces the electrocardio- 
gram to a secondary position. The cleavage between the existing superstrue- 
ture of the disease and this new design is comparable to the break that 
oeeurred in the 1912-1918 period. This new design is of equal or greater 
importanee to making the correct location of the disease because it concerns 
effective treatment and there is no substitute for augmentation of blood sup- 
ply to ischemic muscle. 


EXPERIENCES ON HUMAN BEINGS!! 


The author’s operation or some modification of it was done on 347 pa- 
tients between Jan. 1, 1954, and Feb. 14, 1958. These were consecutive opera- 
tions done at University Hospitals and Mount Sinai Hospital, Cleveland. 
Total mortality during the period of hospitalization was 21 or 6 per cent and 


the total mortality after discharge from the hospital during the period of 
somewhat more than 4 years was 32 or 9.2 per cent. Within this series were 
100 consecutive operations with zero operative mortality, and in the subse- 
quent series of 100 cases, there were 4 patients who died, making the mor- 
tality 2 per cent for 200 consecutive cases. The classification of salvage was 
applied to patients in whom the anatomic disease in arteries and/or myocar- 
dium was approaching the terminal stages. The inflow was approaching the 
critical stage when it would become inadequate for function and the destruc- 
tion of muscle was approaching the stage when it would be inadequate to 
pump the blood. This classification of salvage cases was based upon an esti- 
mate made at the time of operation. In this group, there were 110 classified 
as salvage or 32 per cent; 234 were classified as nonsalvage or 67 per cent; 
and 3 were not classified. According to this classification, one third of the 
patients operated upon were approaching the terminal stages of the disease 
when mortality could be expected to occur in the not too distant future. 
Many patients are not referred for operation until the disease approaches 
the terminal stages when the patient is told that medical therapy has nothing 
more to offer. In the 110 salvage cases, the total mortality during the 4-year 
period was 26 per cent—hospital mortality 12 or 11 per cent, subsequent mor- 
tality 16 or 15 per cent. In the 234 nonsalvage cases, the total mortality dur- 
ing the 4-year period was 10 per cent—hospital mortality 8 or 3 per cent, 
subsequent mortality 16 or 7 per cent. In the nonsalvage cases, the risk of 
operation is low, and the life span probably is excellent. In patients with 
coronary heart disease, this appears to be a good record and emphasizes the 
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desirability of early operation. The death factor in the early stages of the 
disease is the unstable electrical condition of the heart and operation has 
proved its value against this factor. The scientist accepts this as a statement 
of faet. 

The heart was examined at operation according to a formula learned by 
experience. The size of the heart was noted. An enlarged left ventricle 
indicated myocardial damage. A rolling or rocking motion indicated that 
the muscle was not contracting in a uniform manner due to the presence of 
sear. Localized reduction or absence of pulsation indicated localized myo- 
cardial damage. Some of the sears did not come to the surface and could 
not be observed. The anterior and posterior aspects of the heart were ob- 
served. In some instances, the heart was irritable and could not be tipped 
up to examine the posterior surface. The arteries were examined. The com- 
mon left artery was palpated. The circumflex artery and the right coronary 
artery cannot be observed or palpated. A soft pulsating common left artery 
indicated normal inflow. When this artery is soft and pulsating, the prob- 
lem in therapy is not addition of blood to the heart, but distribution of what 
is there. A severely thickened or calcified common left artery indicates in- 
adequate inflow. The problem then becomes one of addition of blood to the 
heart and this cannot be accomplished by surgical operation. The artery 
must be severely stenosed before inflow reaches terminal reduction. Beading 
and streaking with atheroma is observed in the descending ramus, its branches, 
and in the branches of the circumflex artery. Pulsation is observed to be 
normal, reduced, or absent. Irritability of the heart is noted. It sometimes 
occurs when the heart is manipulated but it was observed in 1 case when only 
the pericardium was picked up in a hemostat prior to opening it. The heart 
almost fibrillated when the pericardium was gently grasped in a hemostat. 
Indeed, grasping only the pericardial fat in a forceps almost fibrillated the 
heart. Marked irritability is a danger signal, and is considered an indication 
for a modified procedure such as the application of 5 per cent freshly diluted 
aqueous solution of trichloracetic acid to the surface of the heart between 
coronary arteries, and a light application of powdered asbestos to the surface 
of the heart. Marked irritability indicates severe inflow reduction. It is not 
necessarily associated with severe muscle damage. Indeed, the heart with 
extensive myocardial infarets is often stable, probably due to the presence 
of intercoronaries which developed after arterial occlusion. 

Examination of the heart at operation does not reveal all of the ana- 
tomie disease that actually exists in arteries and muscle. Some of these 
manifestations are found only at necropsy examination. The heating heart, 
however, gives some information not obtained by necropsy examination. The 
localized absence of pulsation and the outward bulge of an aneurysm are 
detected when the heart is beating. Any outward bulge of the heart, even 
though slight, was classified as an aneurysm. Analysis made at the time of 
operation is as follows: Size of the left ventricle, normal 221 or 64 per cent; 


enlarged, 126 or 36 per cent; aneurysm, 37 or 11 per cent; visible infarct, 
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250 or 72 per cent; no visible infarct, 97 or 28 per cent; arterial disease ob- 
served, 332 or 96 per cent; not observed 14 or 4 per cent; common left artery 
palpated, soft, and pulsatile, 261 or 76 per cent; thickened or calcified, 81 or 
24 per cent. 

According to this analysis, the hearts operated upon showed positive and 
usually severe manifestations of coronary heart disease. When a patient 
died and the heart was examined, the disease always was more severe than 
anticipated by the examination at the time of operation. When the heart 
stopped beating, complete recovery was possible in only 1 patient. This heart 
fibrillated 4 hours after operation and continued to fibrillate during a period 
of 35 minutes while the heart was being pumped by hand. This patient is 
alive more than 1 year after operation. In the other patients who died dur- 
ing operation, it was sometimes possible to restore the beat for periods of 
minutes or several hours, but always the heart went back into fibrillation. 
In some of these patients, the chest was opened, the heartbeat was restored, 
the chest was closed, the heart again fibrillated, the chest was opened, the 
beat was restored, and so on. One patient between these temporary deaths 
stated that she did not like the electric shocks, that she thought they were 
only for psychiatric patients. We worked on some of these patients as long 
as 16 hours and opened and closed the chest as many as four times. During 
these hours, the patients made conscious responses and understood what was 
stated. In several of these patients, an attempt was made to scrape out 
athermomatous deposits in the descending artery. This was never successful. 
In my opinion, this procedure has little to offer in treatment of this disease. 
When the common left artery is soft and pulsatile, the assumption is made 
that the inflow of blood into the heart is adequate and the problem in treat- 
ment is distribution of this blood rather than addition from other sources. 
The author’s operation is designed to distribute this blood. Three out of 4 
patients had a soft pulsatile commen left artery and this was interpreted to 
mean a more favorable operative result. 

A low operative mortality is necessary in order to make the operation 
acceptable. Coronary heart disease in any stage of its development kills as 
does no other disease. Death occurs with or without operation, but when 
associated with operation, then the latter assumes a causal relationship. In 
order to have a low operative mortality, it is necessary to be selective with 
patients for operation. Cardiac failure and marked enlargement of the heart 
are contraindications. Severe inflow disease is another contraindication. 
This oceurs with or without muscle damage. Clinical recognition of this con- 
dition is often not possible, especially if the heart is of normal size, and there 
is little or no evidence of infarcts. Status anginosus and incapacitating pain 
may indicate severe inflow reduction, but some of the best clinical results 
were obtained in patients with incapacitating pain who tolerated operation 
satisfactorily. Recent activity of the disease, as indicated by a recent infarct 
or by an unusually severe attack of pain, is an indication to delay operation 
for several months, and 5 out of 8 patients in whom this was done, died dur- 
ing the waiting period. 
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In the past 2 years, the policy was established to withhold operation on 
patients whose blood pressure under anesthesia fell to 90 mm. Hg and did 
not spontaneously rise again without the use of drugs. This occurred in 14 
patients in whom operation was not done and 3 of these died sometime later. 
Operation was refused to 15 patients because of severe disease determined 
after study in the hospital and 4 of these died subsequently. There is some 
danger in operating on any patient with coronary heart disease, but there is 
a group of patients in whom it can be stated before operation that the risk 
is slight. In the group with severe disease, but acceptable for operation, it is 
sometimes not possible to recognize those with marked inflow reduction. A 
‘bad case’’ clinically may be a ‘‘good ease’’ at operation and vice versa. 


CLINICAL RESULTS 


A survey of clinical results was completed recently. In this series of 347 
patients there are 295 patients who are still living. Each of these patients 
was contacted by office visit, by telephone, or by questionnaire. The defi- 
nition of excellent was applied to those patients who were completely or al- 
most completely free of pain and took no medication after operation. The 
definition of good was applied to those patients who were improved after 
operation but had an occasional pain and took significantly less medicament. 
The vast majority were back to work. Of the entire group of living patients, 
278 (94 per cent) received an excellent (32 per cent) or a good (62 per cent) 
result. In the group of 73 living salvage patients, the results were almost as 
good as in the entire group, with 22 per cent receiving an excellent result. 
These figures are such that the accuracy of the analysis might be questioned. 
They might appear to be too good and, therefore, not acceptable. These re- 
sults were carefully compiled. It is possible for the operation to produce a 
biologie response in every patient in whom it is done and this in turn pro- 
duces benefit in every patient operated upon. Another factor for considera- 
tion is that death removed some of those patients in whom the disease was 
progressing and this gave some selectivity to this group. Another factor, 
which is present whether the patient is treated by medical measures or by 
surgical operation, is the mental overlay associated with this disease. This 
factor is important but it should not be overrated. There probably are not 
many patients who, having gone through the discomfort of operation, would 
persist in saying they were better over a period of months or years if they 
were not better. 

Many patients state that the anginal pain disappeared as early as 2 days 
after operation. These patients complain of incisional pain but state that the 
‘‘old pain’’ has disappeared. This can be explained on the basis of improve- 
ment in the coronary circulation brought about by the inflammation on the 
surface of the heart occurring as early as several days after operation. The 
results in patients who had severe anginal pain before operation are almost 
unbelievably good. It is almost necessary to talk to these patients to appre- 
ciate the result. 
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There are several objective signs of improvement after operation. In 1 
patient, the radial pulse on the left disappeared after coronary occlusion. 
This pulse was absent until operation was done 1 year later. On the second 
day after operation it was discovered that the radial pulse was present. 
Many patients state that they are warmer after operation. A study of skin 
temperatures of the feet was carried out and it was shown that if the feet 
were cold before operation, they became warmer after operation. The aver- 
age rise in 11 patients was 7° (12 This is an objective (not subjective) 
change following operation. 

Several other objective changes occurred after operation. In 11 patients, 
the chief complaint before operation was irregularity of the heartbeat due 
to ventricular premature beats or atrial premature beats. Several patients 
had episodes of sinus tachyeardia.!’ These conditions were alarming to the 
patient. They improved or disappeared after operation. Ballistocardiograms 
were carried out on many of these patients. An abnormal ballistocardiogram 
was found in 10 out of 17 patients before operation. The ballistocardiogram 
in 8 of these 10 patients was improved after operation."* This was interpreted 
as improvement in the contractility of the myocardium and is a good correla- 
tion with the clinical improvement. 


EFFECT OF GLYCERYL TRINITRATE ( NITROGLYCERINE ) ON BACKFLOW 


Some of the drugs used in the treatment of coronary heart disease are 
being tested in the author’s research laboratory by Dr. David S. Leighninger.'® 
The same tests that were applied to the author’s operation are being applied 
to these medicaments. So far, backflow determinations of the effeet of nitro- 
glycerine were done on 21 dogs. These tests were done as follows. The 
circumflex artery is ligated near its origin. The artery is transected distal 
to the ligature and a cannula is introduced into the artery. This cannula 
is connected to the carotid artery by a tube. Perfusion from this artery is 
stopped and the cannula is opened so that blood can escape from the distal 
circumflex artery. The mean aortic pressure is maintained at 100 mm. He. 
The blood that escapes is a measure of the amount of blood coming to the 
circumflex area of muscle by way of intercoronary arterial communications. 
The flow is measured for 30 seconds and is expressed in drops or cubie centi- 
meters per minute. After a determination is made, the circumflex area of 
muscle is again perfused from the carotid artery. The backflow is determined 
by taking the average of several determinations made at 5-minute intervals. 
Nitroglycerine is then given intravenously and measurements are again made 
while the drug is effective. The mean increase in backflow was 0.8 ¢.c. or 12 
drops per minute. The range in the experiments was 0.2 to 5.4 ¢.e. per minute. 
The duration of drug action was approximately 5 to 10 minutes. 

These determinations are a measure of the most effective drug in the 
treatment of anginal pain. They are almost the only direct measurements 
of this drug-action on blood supply to ischemic muscle. It is indeed a strange 
commentary that this information, after years of usage on patients, originated 
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from a surgical laboratory by a surgeon who has had experience with this 
test. Without this experience, these positive measurements probably would 
have been missed or considered insignificant. The relief of pain is based upon 
12 drops of blood per minute to ischemic muscle. The author’s operation adds 
4.7 ¢.c. per minute or almost 6 times this amount. The effect of this drug 
lasts 5 to 10 minutes. Then the backflow returns to normal. The increased 
backflow following operation is not temporary. It is permanent. These 
measurements probably place the effectiveness of operation in a new light. 


CONCLUSIONS 


1. A new design for the physiology and treatment of coronary heart dis- 
ease has been created. This design concerns blood-supply to ischemic muscle 
and not the electrocardiogram. 

2. Three death factors of coronary heart disease are defined. The re- 
quirements for treatment of each are given. One death factor is preventable. 
It is also reversible. 

3. The important concepts of the disease are as follows: 


a. The axiom. 

b. Two approaches in treatment coneern, (1) addition of blood to the 
heart, and (2) distribution of the blood that gets into the coronary 
arteries. 

e. An uneven distribution of the heart’s own blood is responsible for 
most of deaths from the disease and not an inadequate total inflow. 

d. A uniformly cyanosed heart is electrically stable. The amount of 
oxygenated blood delivered to the heart is not a factor in electrical 
stability. 

e. Well-oxygenated blood delivered into one coronary artery of a cy- 
anosed heart can destroy the heartbeat. Red blood ean kill the heart- 
beat under certain conditions. 

f. A eyanosed area of muscle (as produced by arterial occlusion) in a 
well-oxygenated heart can destroy the heartbeat. 

g. An uneven distribution of blood produces death by self electrocution. 
h. The two sequelae of occlusion, (1) death of muscle and (2) electrical 
instability are not related. 

i. Quantities of blood in the range of drops or several cubie centimeters 
per minute delivered to ischemic muscle are beneficial and protective. 
j. Operation ean produce intercoronary communications. 


These concepts are poorly understood. It is the author’s opinion that 
coronary heart disease is as poorly understood at the present time as were the 
_baeterial diseases before Pasteur. The statement is sometimes made that ‘‘it is 
good to get vour coronary occlusion and have it over.’’ This statement is 
reminiseent of the expression ‘‘laudable pus’’ before Lister. 

4. Nitroglycerine augments the amount of blood in ischemic muscle by 
about 12 drops of blood per minute in the dog. This drug effect lasts 5 to 10 
minutes. It is suggested that the term nitroglycerin unit be used to relate these 
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laboratory measurements with the clinical effect of this drug. This unit, as such, 
combines clinical effect and quantity of blood and could be used in reference to 
other drugs and surgical operations. 

5. The author’s operation delivers several times this amount and this 
blood supply is permanent. 

6. Results of operation are excellent or good. 

If Evarts Graham were here he would have the mind to understand this 
work, and, second, he would have the courage and the spirit to fight for its 
applieation to patients. This work should not be allowed to remain as a 
second Semmelweis episode. 
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DIscussION 


DR. FREDERICK R. MAUTZ, Cleveland, Ohio.—It is a great privilege to discuss the 
paper of my good friend and long time colleague, Dr. Claude Beck, on this program 
honoring Dr. Evarts Graham. 

I want to review briefly the physiologic basis for the Beck procedure. We believe 
that the dog heart provides information comparable in every way to the situation in the 
human heart. In the normal heart, the coronary arteries are pretty much end arteries but 
almost always show a considerable network of fine intercoronary arteriolar anastomoses. 

When we isolate a major arterial ramus in a functioning heart as, for example, the 
circumflex branch, ligate and distally divide the artery, we note a little back bleeding 
of bright red arterial blood from the peripheral cut end. This blood has traversed the 
intercoronary anastomotic channels. On first appearance this seems to represent a very 
slight amount of collateral but, as we study a large number of preparations, we find a 
wide variation in the backflow. In a group of 52 normal dogs this varied from 0.1 ¢.c¢./ 
min. to 22 ¢.c./min. In a comparable series of dogs that had previously had a Beck I 
procedure done, the backflow varied from 1 ¢.c. to 27 ¢.e./min., the average being twice 
that of the normal hearts. In both groups, this backflow represents a basic intercoronary 
collateral in hearts that have had no previous arterial obstruction. 

If we add the factor of chronic arterial obstruction we find great increases in the 
backflow in the majority of experiments, on occasion exceeding 100 ¢.c./min. of arterial 
blood. Peripheral coronary pressures in such preparations occasionally approach aortic 
pressure whereas peripheral coronary pressure in the normal heart varies from 44 to 14 of 
mean aortie pressure. The increase has been shown to be due to enlargement of inter- 
coronary arterial channels which have become capable of providing a functional collateral 
circulation from unoccluded coronary arteries. 

The surgical procedures of the Beck I operation, namely, abrasion of the epicardium, 
narrowing of the coronary sinus, and the application of powdered asbestos, cause an in- 
crease in the basic intercoronary anastomoses and also aid in the natural process of gradual 
enlargement of anastomoses due to the factors of inflammation plus a mild degree anoxia due 
to reduced venous blood flow. The result is a more uniform distribution of arterial blood in 
the myocardium. Our studies seemed to indicate that extracardiae sources of blood are not 
tapped until quite late. Some recent studies of Lord and associates, of New York, using a 
method of extracorporeal circulation, report what I believe are the first direct measure- 
ments of extracoronary collateral, and obtained values as high as 10 per cent of the con- 
trol coronary flow measurements. 

I am confident that this door of Nature has now been opened. I do not believe we 
have reached the ultimate in our understanding of the phenomena with which we are 
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dealing. Let us further develop our principles of treatment and continue to be guided 
by the spirit of Dr. Graham in our quest of facts. We must study, measure, and prove 
the facts in the laboratory before we indiscriminately try to apply new procedures on man. 


DR. A. VINEBERG, Montreal, Canada.—I wish to congratulate Dr. Beck on his 
wonderful work which has been carried out over a great many years, in spite of much op- 
position and terrific odds. 

There now remains little doubt that partial ligation of the coronary sinus opens up 
intercoronary collaterals and provides better distribution of the blood that has managed 
to reach the heart muscle beyond the points of narrowing in the coronary arteries. How- 
ever, there is absolutely no experimental evidence that extracardiac blood ever reaches 
an ischemic heart following the Beck I operation. Further, during all these years, no 
injected human specimens have been presented to show arteriolar-sized channels between 
pericardium and myocardium. The ever-changing character of coronary artery heart dis- 
ease and the variations in the selection of patients for treatment make the evaluation of 
any method difficult. For this reason the ameroid method of experimentally constricting 


Fig. 1.—Photograph of casein ameroid with steel housing showing slot through which artery 
passes into central hole. 


TABLE I. CORONARY ARTERY AMEROID CONSTRICTION TEST OF MYOCARDIAL REVASCULARIZATION 
PROCEDURES* 


SACRIFICED SURVIVED 
NO. OF | DEAD UNDER DUE TO 4 WK. TO 6 MO. OR 

OPERATIVE PROCEDURE |ANIMALS| 30 DAYS ILLNESS 4 Mo. LONGER 
Control 22 19 (86%) 2 (14%) 1 0 
Beck I 9 (90%) 0 0 (10%) 
Cardiopneumopexy 

(Harken) 9 (90%) (10%) 
Ivalon tube, aorta to 

ventricle, all grafts 

blocked 11 (92%) 1 (10%) 
Internal mammary and 

subclavian artery 

ligation 8 (100%) 
Internal mammary artery 

implantation only—of 

which 18 arteries were 

open 13 (68%) (32% [open]) 
Internal mammary artery 

implantation 


+ 
Coronary sinus ligation 10 0 0 3 (30%) T (70%) 


*In all animals, petrolatum-coated ameroid constrictors were placed around anterior 
descending and circumflex branches of the left coronary artery. 
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coronary arteries has been developed in our laboratory. Constricting ameroids (Fig. 1) 
are placed around the origins of both the anterior and circumflex branches of the left 
coronary arteries. These slowly absorb water and gradually narrow the coronary vessels 
so that all control animals die under 30 days or have to be sacrificed, due to illness, within 
6 weeks. The lumina of the coronary vessels are reduced to about 20 per cent of their 


Fig. 2.—Filling anterolateral wall left ventricle by injecting Sclesinger mass into 2- 
month-old implanted internal mammary artery in animal which died from ameroid constric- 
tion of anterior descending and circumflex arteries. 


Fig. 3. Fig. 4. 


Fig. 3.—Filling of entire left ventricular coronary arteries through internal mammary 
irtery placed in heart 6 months before in animal that survived ameroid constriction of 
interior descending and circumflex arteries. 


Fig. 4.—Animal 151. Angiocardiogram of left ventricle filled through 6-month-old in- 
ernal mammary implant, showing mammary coronary anastomoses and filling of coronary 
irterioles, Anterior descending coronary artery completely blocked ; circumflex coronary 
‘0 per cent occluded. 
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normal size. Extensive intercoronary collaterals form, but not in sufficient size to pre- 
vent death. The control animals die suddenly during fights, after eating, or while exer- 
cising. With this standardized technique, it is possible to objectively evaluate methods 
of treating coronary artery insufficiency. It is quite clear that any procedure that pre- 
vents death and infarction when the two main branches of the left coronary artery are 
narrowed or occluded should be worth while. The surgical techniques tested by Dr. B. 
Mahanti this year are listed in Table I. 

There were 22 control animals; the majority died under 30 days, 3 survived less than 
6 weeks and were sacrificed due to illness. 

It is interesting to note that the Beck I operation, cardiopneumopexy as done by 
Harken, and Ivalon tube grafts from aorta to myocardium failed to prevent death except 
in 10 per cent of a total of 32 animals. Internal mammary artery implantation alone, in 
19 animals, provided some protection in 13 of the animals which lived 4 weeks to 4 months. 
Of these, there were twelve open internal mammary arteries, but mammary coronary anas- 
tomoses were limited to the anterior ventricular wall (Fig. 2). Of the remaining 6 animals, all 
the internal mammary arteries were open, all lived 6 months or more, could not be killed by 
exercise, and all showed extensive mammary coronary anastomoses involving the entire left 
ventricle (Fig. 3). When partial ligation of the coronary sinus was performed simultaneously 
with internal mammary implantation, 8 of 10 animals had open arteries. Three animals died 
4 weeks to 4 months afterward but 7, or 70 per cent, lived 6 months or more. All internal 
mammary arteries were open and showed extensive mammary coronary anastomoses. Further, 
the left coronary arteriolar bed was satisfactorily filled through the internal mammary artery 
by angiocardiogram (Fig. +). Since obtaining this experimental evidence, internal mam- 
mary artery implantation and coronary sinus ligation have been performed on 2 human 
beings. . 


DR. JOHN STRIEDER, Brookline, Mass.—Surgical approaches to chronic coronary 
artery disease have been a leading topic for many years. The treatment of coronary oc- 
clusion during the acute phase by removal of the obstruction to flow, and support of the 
circulation by extracorporeal pumping as a life-saving measure following massive in- 
faretion are two other aspects of the coronary problem that are likely to interest this 
Association for many more years. 

The badly damaged heart will require support for days rather than for hours. In 
the Circulation and Surgical Research Laboratories at the Boston City Hospital we have 
been working on a veno-arterial pumping system without an oxygenator that we believe 
will be capable of providing such iong-term support. 

Blood is drained by gravity from the superior vena cava and pumped into a femoral 
artery. The coronary and cerebral systems are supplied by fully oxygenated blood from 
the lung. Superior caval blood, draining from the upper half of the body, is still 50 to 
60 per cent saturated with oxygen. The lower extremities and splanchnic organs are able 
to function on this moderateiy reduced blood while relatively inactive. The pump is 
pneumatically operated with Hufnagel type ball-valves at each end, and is exceptionally 
gentle with blood elements. 

It has been possible to pump as much as 70 ¢.¢e./Kg./min. with this equipment. In 
this slide, the lightly stippled columns are control cardiac outputs, the cross-hatched see- 
tions heart output during bypass, and the solid areas the bypass flow. The slide shows 
that the volumes pumped amount to about one half the body requirement. The output 
of the heart is reduced by approximately the volume pumped. 

This slide shows the effect of veno-arterial pumping on aortic pressures. Pumping 
raises the diastolic pressure, a factor that should favor better flow through the heart 
muscle itself while the volume component of heart work is reduced. 

We have been able to pump 50 to 60 ¢.c./Kg./min. continuously for as long as 54 
hours with survival and only transient, minor effects on the clotting mechanism, acid-base 
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balance, and electrolyte pattern. We believe the hemodynamic effects of such veno- 
arterial pumping for a period of days will prove to be beneficial following major infarction 
of heart muscle. 


DR. DONALD MULDER, Los Angeles, Calif.—Since Dee. 1, 1957, Dr. William Long- 
mire and Dr. Jack Cannon of the UCLA Surgical Department have operated upon 5 pa- 
tients for severe incapacitating angina pectoris. Previous studies of Blumgart and 
Schlessinger, Gregg, Thornton and Mautz, as well as numerous autopsy observations, have 
led us to believe’ that localized occlusion of, the major coronary arteries with a patent 
distal arterial tree occurred frequently in the patient with angina pectoris without evi- 
dence of myocardial infarction or generalized atherosclerosis. In an especially devised 
exercise test, none of these patients could exercise for more than 3144 minutes without 
typical pain and the electrocardiographiec changes of myocardial ischemia, 

At operation one or more, usually two, of the major coronary arteries were found 
to be almost completely occluded. <A technique of endarterectomy was perfected in the 
dog and found readily applicable in the human being. In the 5 cases mentioned, the ob- 
structing plug was removed from both the right main and the left anterior descending 
coronaries in 2 patients. In all cases, the smaller distal branches were patent by inspec- 
tion, palpation, and by demonstration of adequate ‘‘back bleeding’’ once the obstructing 
core was removed from the artery and its major branches. The technique is as follows: 

The results of this procedure have been quite encouraging. Although the second 
patient was lost from asystole after the removal of the core from the second major 
coronary vessel, the other 4 patients have all survived. They have been entirely free from 
angina for the relatively short period since surgery. Exercise tolerance has been greatly 
improved in all patients and the ECG tracings do not show evidence of myocardial 
ischemia. We believe further evaluation of the technique is indicated as the early ex- 
periences are most promising. 


SIR RUSSELL C. BROCK, London, England.—Although I have had the privilege 
of visiting the United States on many occasions, I am ashamed to say this is the first 
time I have been able to attend a meeting of The American Association for Thoracic 
Surgery. It is a particular source of pleasure to me to be present on this occasion and to 
pay tribute to Dr. Graham. I do not wish to add to the eulogy so ably presented by Dr. 
Burford this morning, but I would like to say that I feel this tribute very deeply because 
I had the privilege of being one of Dr. Graham’s ‘‘boys,’’ having worked with him in 
1930-31. One thing that was mentioned, and very rightly so, was the great friendship 
that Dr. Graham encouraged between England and this country through the plan of in- 
viting trainees here. . And that brings up another point I would like to mention, Sir: 
I was very happy to see you wearing the chain of oftice which was presented last year by 
the Association of Thoracic Surgeons of Great Britain and Ireland to this Association as 
a bond of friendship between the two Associations. I am happy to see also that not only 
does the badge of office grace the President, but that the President graces the badge. 

I should like to take as my theme the fact that Dr. Claude Beck has presented his 
observations based on a quarter of a century of work. The whole world looks to the United 
States for its achievements with regard to coronary artery disease. As you know, 
O’Shaughnessey of London in the early 1930’s did some basic work on cardio-omentopexy, 
but since that time the greater part of the work has emanated from the North American 
continent. I was at first rather reluctant to speak on this subject because on a recent 
oceasion I made some comments which Dr. Beck misunderstood but I am glad to have 
the opportunity to clarify my remarks. I have been reluctant until recently to embark 
upon these various surgical procedures for the improvement of coronary artery disease 
because, quite frankly, I have been unimpressed with the results of the attempts to bring 
a new blood supply to the heart from outside, I would say that the position is justified. 
Dr. Beck’s own conclusion as a result of his work is that the heart seems to resist the 
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bringing of a blood supply from the outside. I am much impressed with Dr. Beck’s 
presentation, not of the ability to bring a new blood supply from the exterior, but of the 
redistribution of coronary blood flow within the myocardium by increase in intercoronary 
anastomoses. This seems to me to be a logical and accepable result of the various stimu- 
lating factors caused by the Beck procedure and can well explain the good clinical results 
obtained. 

That the simple act of opening the pericardium and examining the heart manually 
can be followed by quite profound reaction and disturbances is well known to all of us 
and reaches its most notable form in the so-called ‘‘post-valvotomy’’ syndrome, which 
is really a ‘‘postpericardial insult’’ svndrome and ean follow simple needle puncture of 
the heart. It ordinarily has nothing to do with recurrence of rheumatic activity. 


The effects of a cardiotomy are well known to any cardiac surgeon who has re- 
operated on the heart within a year of the first operation. The myocardium is soft, often 
discolored, and the patient’s reaction to the interference may be unduly severe. It seems 
as if the heart easily suffers a notable traumatic myocarditis and to me it is easy to un- 
derstand how such a process results in a great increase of intercoronary anastomoses. 

When I say that I am unconvinced that a new and effective blood supply can be 
brought to the heart from outside, I do not mean that I am criticizing adversely the many 
splendid attempts to revascularize the heart from a systemic source. I merely state that 
so far I am not convinced that they succeed in the way they claim to succeed, although 
they may bring benefit by some other mechanism. I just do not want, today, to become 
involved in a eritical discussion of these various procedures. I applaud the spirit and 
purpose which guides them and hope that they will achieve success. 


DR. BECK (Closing).—There are two approaches for effective treatment. One in- 


volves addition of blood to the heart. On the basis of a large experience, the statement 
is made that the heart resists the addition of blood from outside sources. Many years 
ago my associates and I grafted tissues on the heart including the internal mammary 
artery with the expectation that blood would go across the graft to the heart. Later on, 
the specimens were injected with a watery dye and routinely it was possible to inject 
from the heart into the graft and from the graft into the heart. But, when we used a 
thicker material consisting of a solution of barium sulfate and gelatin, it was only the 
occasional specimen that showed blood vessels large enough to earry blood. Several 
specimens injected with this material entered the internal mammary artery which was 
grafted on the heart (for specimens see Mautz and Beck, J. THorAcic Surg, 7: 113, 19387, 
and Beek, Ann. Surg. 118: 792, 1943). I have also seen specimens in Dr. Vineberg’s 
laboratory in which channels large enough to carry blood were present. But, in the 
laboratory, we and others have had indifferent success in demonstrating such vessels. 
Perhaps we did not do our experiments right. We have also added blood into the venous 
system, directing it to the capillaries in a retrograde direction. This worked well for 
awhile but later on intimal thickening cut off this inflow, but this operation gave the 
heart an excellent set of intercoronaries and, indeed, the greatest degree of protection 
was provided by this operation. 

Early in our work (1982) the idea of cleaning out coronary arteries was considered 
and applied first in autopsy specimens and later on at the operating table after the death 
of the patient. The possibility of yield seemed to be small. This idea is being revived 
and is being tried on patients even though surgeons have not been successful in arteries 
of this size elsewhere in the body. The widespread involvement of the coronary tree by 
the disease, often including secondary branches of coronary arteries in a large percentage 
of cases, the possibility of changing stenosis into occlusion by the surgical manipulation, 
and the possibility of creating an imbalance and electrocuting currents are considerations 
that will determine success or failure of this manipulation. Dr. John Madden of New 
York told me of his success in cleaning out the descending artery but at autopsy the right 
and circumflex arteries were severely stenosed. It is possible that this created an im- 
balance, oxygen differentials, and electrocuting euvrrents. 
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I am grateful to Sir Russell Brock for his discussion; I appreciate it. He empha- 
sizes distribution of the heart’s own blood as one method of attack in treatment. I am 
pleased that he accepts this as a possibility for effective treatment. I had the privilege 
to attend the Harvey Tercentenary Congress in London last year. I shall never forget 
this meeting. In grace, dignity, and historical significance, this meeting could not be 
duplicated anywhere else in the world except in London and for William Harvey. The 
physicians of Britain have warm affection for The American Association for Thoracic 
Surgery. They showed it last year when the President of their Association, Mr. George 
Mason, presented to our President, Dr. Cameron Haight, a medallion to establish the 
Chain of Command to be passed on from President to President for all time into the 
future. 
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THE CLINICAL SIGNIFICANCE OF COR PULMONALE IN 
THE REDUCTION OF CARDIOPULMONARY RESERVE 
FOLLOWING EXTENSIVE PULMONARY RESECTION 


Robert W. Harrison, M.D. (by invitation), William E. Adams, M.D., 
Edwin T. Long, M.D. (by invitation), Benjamin Burrows, M.D. (by 
invitation), and Arthur Reimann, M.D. (by invitation ), Chicago, Ill. 


ae the first successful one-stage pneumonectomy was performed over 25 
years ago there has been great interest in the alterations of respiratory and 
circulatory function following the extensive loss of lung tissue. 

Longacre’ * * and his associates in experimental studies on dogs observed 
the effects of pneumonectomy upon pulmonary and cardiocireulatory functions 
in young growing and adult animals. In puppies subjected to pneumonectomy, 
enlargement of the remaining lung and histologic evidence of pulmonary 
hyperplasia were reported. The capacity of these animals to perform exhausting 
exercise was comparable to normal control animals. Similar studies on adult 
animals revealed findings of emphysematous change in the remaining lung in 
the form of fragmentation of alveoli and loss of elastic tissue. These animals 
showed marked physiologic deficiencies under conditions of physical stress. 

Subsequently, clinical studies of the effects of pneumonectomy in children 
were reported. In a study of 4 young children followed up to adult life, 
Lester, Cournand, and associates* * observed that 2 of the patients, in spite of 
a moderate degree of pulmonary distention, showed a reduction in breathing re- 
serve from normal and a marked degree of oxygen unsaturation in the arterial 
blood during strenuous exercise. The other 2 patients showed improved adapta- 
tion and good physiologic performance. A study of 10 children by Peters and 
associates® revealed that in spite of increases in size of the remaining lung with 
high residual volumes in one half of the eases, the physiologic responses of 
these patients to exercise were within the range of normal. 

Observations on adults following pneumonectomy have also been reported. 
Cournand and Berry,’ in a study of 12 patients before and after pneumonec- 
tomy, found the chief difference between postpneumonectomy patients and 
normal subjeets was the reduction in breathing reserve in various states of 
activity. This reduction was caused by a decrease in maximum breathing 


From the Departments of Surgery and Medicine of the University of Chicago Clinics, 
Chicago, Il. 
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capacity and was greater in the older patients. It was their impression that 
‘the late effects of pneumonectomy upon gas exchange in the lungs, the state 
of respiratory gases in the arterial blood and the cardiocireulatory function 
were insignificant.’’ In a later study on the pulmonary circulation and alveo- 
lar ventilation perfusion relationships after pneumonectomy, Cournand and 
co-workers* demonstrated that in 9 patients studied late after pneumonectomy 
there was an increase in the size of the remaining lung, a reduction of maxi- 
mum breathing capacity, an approximately normal arterial oxygen saturation 
at rest and slightly below normal during exercise; the average pulmonary 
blood flow and mean pulmonary arterial pressure were within the normal range 
at rest and that a mild pulmonary hypertension inevitably developed in the 
course of mild exercise. Pulmonary function studies of Birath® and Burnett’? 
and their associates produced findings similar to those of Cournand. 

It has been recognized for some time that in certain individuals, notably 
those in the older age group, extensive pulmonary resection (pneumonectomy ) 
with an immediate reduction of cardiorespiratory reserve results in cor pul- 
monale, right heart failure, and death.’ ** However, more recently inter- 
est has been aroused by a group of postpneumonectomy patients who were able 
to adjust to the immediate effects of pneumonectomy and resume their work 
and activities without disability; only years later to begin to experience pro- 
gressive dyspnea on exertion! resulting in a marked reduction of their fune- 
tional capacity and sometimes foreing the individual into a state of retirement 
and semiinvalidism. The ‘‘late’’ effects experienced by these individuals were 
not always well correlated with abnormalities in their pulmonary funetion stud- 
ies. Occasionally, such a patient would present the findings of right heart fail- 
ure. Therefore, the mechanism of cor pulmonale resulting from a reduction 
of pulmonary parenchyma came under consideration. In view of the wide- 
spread use today of pneumonectomy as the operation of choice for carcinoma of 
the lung, as well as the frequent performance of extensive bilateral pulmonary 
resection, these ‘‘late’’ results should become of ever-increasing importance. 

In an attempt to understand better the mechanisms involved in the ‘‘late”’ 
results of extensive pulmonary resection, and to elucidate further the role of 
pulmonary hypertension in such cases, physiologic studies were performed on 
a series of patients at various intervals following pneumonectomy and bilateral 
resection. 


MATERIAL FOR STUDY 


Physical characteristics and clinical data concerning the 29 patients studied 
are tabulated in Table I. There were 6 females and 23 males ranging in age 
from 23 to 74 years. 

Pneumonectomy had been performed in 25 of the 29 cases; in 19 cases for 
a diagnosis of primary carcinoma of the lung, in 2 cases for tuberculosis, in 
2 cases for cystic disease of the lung, in 1 case for chronie suppurative disease, 
and in 1 ease for a bronchial adenoma. Two of the pneumonectomy patients 
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TABLE I, PHYSICAL CHARACTERISTICS, DIAGNOSIS, AND FUNCTIONAL CAPACITY OF PATIENTS 
FOLLOWING EXTENSIVE PULMONARY RESECTION 


YEARS 


SURFACE AFTER | FUNC- 
AREA SUR- | TIONAL 
PATIENT AGE | SEX M.2 TYPE OF SURGERY DIAGNOSIS | GERY | CLASS 
1 E.B. 44 F 1.73 Right pneumonectomy Tuberculosis 3 II 
2° Bos. 52 F 1.56 Left lower lobectomy, Lipoid 2 II 
lingulectomy, and right pneumonia 
middle lobectomy 
3° He Be: 23 M 1.84 Left pneumonectomy Cystie 5 I 
disease 
4 H. Bo. 69 M 1.87 Left pneumonectomy Carcinoma 3 IV 
69 M 1.49 Left pneumonectomy Carcinoma 12 Il 
6 E.C. 42 M 1.88 Right pneumonectomy Yarcinoma 6 A 
65 M 1.84 Left pneumonectomy Carcinoma 9 I 
8 BF. (1) 42 F 1.53 Right pneumonectomy — Bronchial 5 II 
adenoma 
9 B.F. (2) 45 F 1.58 Right pneumonectomy — Bronchial 7% II 
adenoma 
10 J.G. 39 F 1.67. Right middle and lower Bronchiee- 11 I 
lobectomies; left lower tasis 
lobectomy and lingu- 
lectomy 
it Mod, 68 M 1.9 Left upper lobectomy Carcinoma TIL 
12 EJ. 49 M 1 Right pneumonectomy Carcinoma ti I 
37 F 1.77 Left pneumonectomy Tuberculosis 3 I 
14. 45 M 2.04 Right pneumonectomy Carcinoma II 
15 46 M Left pneumonectomy Carcinoma 1 mo. III 
16 A.L. (2) 47 M Left pneumonectomy Carcinoma 1% Tit 
17 “OSL: 54 M 1.79 Right pneumonectomy Carcinoma 11 Til 
18 H.M.(1) 47 M 1.78 Right pneumonectomy Carcinoma 3 I 
19 H.M. (2) 49 M 1.64 Right pneumonectomy Carcinoma a I 
20 J.M. 57 M 1.90 Right pneumonectomy Carcinoma 3) It 
21 A.M. 53 M 1.64 Left pneumonectomy Carcinoma 1 TEE 
22 72 M 2.00 Left pneumonectomy Carcinoma 12 IL 
23 M.O. 63 M 1.84 Right pneumonectomy — Cystie 3 EE 
disease, 
infected 
24 LR. (1) 61 M 1.71 Right pneumonectomy Carcinoma 14 II 
and thoracoplasty 
25 LR. (2) 63 M 1.74 Right pneumonectomy Carcinoma 15% 
and thoracoplasty 
26 W.R. 58 M 1.74 Right pneumonectomy Lung 38% I 
abseess 
27 30 M 1.80 Left lower lobectomy and Bronchiee- 11 
lingulectomy; right tasis 
lower lobectomy 
28 J. So. 65 M 2.08 Right pneumonectomy Carcinoma 3 II 
29 J.Sz. 74 M 1.97 Left pneumonectomy Carcinoma 71% IV 
30 H.T. 69 F Right pneumonectomy Carcinoma 38 wks. IV 
64 M 1.59 Right pneumonectomy Carcinoma 3% TE 
32 W.W. 52 M 2.08 Right pneumonectomy Carcinoma 3 Ul 
oo PW, 57 M 1.80 Left pneumonectomy Carcinoma 7% I 
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had also had a supplemental thoracoplasty performed on the side of the pneu- 
monectomy. Four of these patients were studied on two occasions with an 
intervening period of 114 to 214 years. 

Three patients had undergone bilateral pulmonary resection—2 for bilat- 
eral bronchiectasis and 1 for bilateral lipoid pneumonia. One patient had un- 
dergone only a left upper lobectomy for a primary carcinoma of the lung. 

The studies were performed from 3 weeks to 1514 years after the surgical 
procedures. 

Initially, investigations were made on patients who presented themselves 
with complaints of progressive dyspnea on exertion and consequent reduction 
of work and exercise capacity. Later, as interest in this problem was stim- 
ulated, the study was extended to include other patients who, after a compara- 
ble type of surgery, were entirely asymptomatie or offered only minor com- 
plaints. Their findings were compared with those in the group of symptomatic 
patients. The distribution of the patients as to age and type of surgery per- 
formed is summarized in Table II. 


TasLe II. 33 Patients 
AGE OF PATIENTS—PROCEDURE PERFORMED 


| 20-29 30-39 | 40-49 | 50-59 | 60-69 70-79 


YEARS YEARS YEARS YEARS YEARS YEARS 
Left pneumonectomy (11) 1 1 2 2 3 2 
Right pneumonectomy (18) 0 0 8 4 6 0 
Bilateral lobar resections (4) 0 2 0 1 i Sy 0 


*Left upper lobe only. 


METHOD OF STUDY 


The patient undergoing investigation was hospitalized for 36 to 48 hours. 
During this hospitalization a complete clinical history and physical examina- 
tion were obtained; electrocardiogram, chest roentgenogram, pulmonary fune- 
tion studies, and eardiae catheterization studies were performed. The clinical 
evaluation of the individual was carefully standardized by the use of a detailed 
questionnaire and clinical evaluation sheet. 

The patient’s functional capacity was graded on a seale of IL to IV. Class 
I included those patients having no limitation of physical activity and in whom 
ordinary physical activity caused no discomfort; Class IL signified a slight to 
moderate limitation of physical activity ; Class III included those with a mod- 
erate to great limitation of physical activity; while Class IV was assigned to 
the patients unable to carry on any physical activity without discomfort. 

Pulmonary function studies were carried out in the pulmonary physiology 
laboratory and ineluded spirometric determination of ventilatory capacity, 
residual volume, nitrogen washout curves, ear oximetry and, in a few sub- 
jeets, pulmonary diffusing capacity. Residual volumes were determined by a 
modification of the Darling method." 

Cardiae catheterization was employed to measure right heart pressures and 
cardiae output at rest and during moderate exercise. Pulmonary artery eathe- 
terization was not technically possible in all cases, and consequently only right 
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ventricular pressures were obtained in those eases. Arterial oxygen satura- 
tion was continuously recorded during the eardiae catheterization by a Wood 
earpiece and recording oximeter.'t Right heart pressure measurements were 
made by means of a Statham strain gauge manometer and a Grass amplifier- 
recording instrument. Cardiac output was determined by the direct Fick 
method on 12 of the patients in a resting state and during the last minute of a 
3-minute exercise period. Simultaneous mixed venous and systemic arterial 
blood samples were analyzed for oxygen content by the Van Slyke method." 

A 3-minute period of moderate exercise was required of each patient in 
the supine position by bicycling against resistance or flexing each leg against | 
a 5-pound resistance. 


RESULTS 


The functional capacity of each patient at the time of study as determined 
by the history and clinical evaluation is tabulated in Table I. There appeared 
to be a rough correlation between the age of the patient at the time of the 
study and his functional capacity. However, a more striking relationship was 
found between the age of the patient at the time of his surgery and his result- 
ant functional class (Table III); the older the patient at the time of surgery, 
the more likely he was to experience a reduction of functional capacity later. 


TABLE IIT. RELATIONSHIP OF PATIENT’S AGE AT SURGERY AND RESULTANT FUNCTIONAL CLASS 


FUNCTIONAL | 10-19 | 20-29 | 30-39 40-49 | 50-59 | 60-69 
CLASS _  (AGEIN YEARS) 


I 
(11 patients) 2 1 1 4 3 0 


II 
(12 patients) 0 0 4 2 


III 
( 7 patients) 
IV 
( 3 patients) 0 0 0 0 . 0 3 


bo 


This was especially true of the group over the age of 60 at the time of surgery ; 
in our series none of these patients was functionally unimpaired, and all 3 of 
our Group IV patients fell into this age group. There were no striking differ- 
ences between the functional capacities of the right and left pneumonectomy 
groups, but the patients having undergone extensive bilateral resections pre- 
sented little or no functional incapacity (Table IV). No relationship was 
demonstrated between the length of survival since pulmonary resection and 
the resulting functional capacity of the individual. 


TABLE IV. 33 PATIENTS 
PROCEDURE PERFORMED—FUNCTIONAL CAPACITY 


| II | IIL IV 
Left pneumonectomy (11) 4 2 3 2 
Right pneumonectomy (18) 4 10 3 1 


Bilateral lobar 
resections (4) 2 1 - 0 


*Left upper lobe only. 


PULMONARY FUNCTION STUDIES OF PATIENTS FOLLOWING EXTENSIVE PULMONARY RESECTION 


TABLE 
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The results of the pulmonary function studies and cardiac catheterization 


studies are tabulated in Tables V and VI and are represented graphically in 
Figs. 1 and 2. The average results will be discussed separately for each fune- 


tional elass. 


TABLE VI. CIRCULATORY STUDIES OF PATIENTS FOLLOWING EXTENSIVE PULMONARY RESECTION 


RIGHT HEART | ARTERIAL CARDIAC 
rUNC-| SYSTOLIC OXYGEN OXYGEN CARDIAC INDEX 
TION-| PRESSURE | SATURATION | CONSUMPTION| OUTPUT (L/MIN. 
AL (MM. HG) (%) (ML./MIN.) (L./MIN.) /M.2) 
CASENO.  |CLASS| REST | EXER. | REST | EXER. | REST | EXER. | REST | EXER. | REST | EXER. 
1 E.B. BE 22 39 98 95.5 218 542 625 8.26 3.61 4.78 
2 BoB. II 28 
+ H.Bo. IV 34 56 93 86 218 271 3.91 3.30 2.09 1.76 
It 33 48 96 93 
6 E.C. II 35 70 
7 “Sid; I 34 66 92 87 
8 BF.(1) 25 96 
9: IL 34 43 97 97 212 434 5.06 5.52 3.20 3.49 
17 38 95 93 
M. H. Tit 23 48 86 
E. J. I 30 40 97 90 
J. K. b 25 41 95 97 235 5795.5 9.3 3.11 5.25 
E. K. ced 21 43 97 99 
A. L. (1) ir 31 43 93 93 
A. L. (2) 86-30 70 
Tit 85 90 86 
H. M. (1) ii 28 39 97.5. 95 
H. M. (2) I 19 34 95 94 198 680 4.01 9.03 2.44 5.5 
J. M. 28 31 96 95 661 4.05 
A. M. pone 25 39 96 94 266 448 6.2 6.9 3.78 4.20 
MEO: II 22 34 96 95 189 685 4.76 8.73 2.59 4.75 
35 84 94 85 
L. R. (2) Ill 38 56 94 95 206 591 3.2 6.3 1.84 3.62 
W.R. I 33 42 97.5 95.5 
E. 5 


Class [.— 


Considered as a group the ten studies performed on 9 patients an average 


of 6.5 years postoperatively showed the following average findings : 


two lungs. 


. Residual volume, 1.56 L. 
. Maximum breathing capacity, 58.1 per cent of the predicted value for a 


. Total lung capacity, 3.97 L. 
. Vital capacity, 64.7 per cent of the normal predicted for a patient with 


normal chest with both lungs. 


. First second vital capacity, 75.3 per cent. 
. Maximum midexpiratory flow, 1.57 L./see. 


1 
1 
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1 
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2 
2 
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ey 28 J: So. II 33 98 98 318 3.6 1.73 
29 J.Sz. IV 75 112 96 90 
30 HT. IV 35 
at 48 65 97 95 198 410 3.5 4.7 2.2 2.96 
32 W.W. II 35 55 
33 W. T 41 75 96.5 95 296 727 4364.75 10.25 2.64 5.69 
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7. Pulmonary artery systolic pressure: rest 28 mm. Hg.; exercise 46 mm. 
Hg. 

8. Arterial oxygen saturation: rest 96 per cent; exercise 94 per cent. 

Class I1.— 


The average findings of the group of 13 studies on 12 patients, an average 
6.2 years postoperatively, were as follows: 
1. Total lung capacity, 3.56 L. 
2. Vital capacity, 57 per cent of the normal predicted for a patient with 
two lungs. 
3. Residual volume, 1.47 L. 


PULMONARY FUNCTION STUDIES AFTER EXTENSIVE PULMONARY RESECTION 


(30 PATIENTS) 


VITAL CAPACITY 
(% NORMAL) 


M.8.C. ONE-SECOND VITAL MAX. MID-EXPIRATORY FLOW 
(% NORMAL) CAPACITY (%V-C-) 


159 


Fig. 1.—Results of pulmonary function studies grouped according to the patient’s func- 
tional class. Bars represent average values for each group. Dots represent results of individ- 
ual studies in each group. T.L.C. (L.) = total lung capacity in liters; Vital a (% 
Normal) = per cent of vital capacity predicted for_ a normal subject with two lungs; R.V. (L.) 
= residual volume in liters ; M.B. (% Normal) = per cent of the predicted maximum ag 
ing capacity of a normal chest with both lungs; One-Second Vital Capacity (% V.C.) = per 
vent of the vital capacity expired in the first second; Max. Mid-Expiratory Flow (L./Sec.) = 
inaximum midexpiratory flow in liters per second (16); I, II, III, 1V = the functional class 
f the patients in each group. (See text for definition.) 


4. Maximum breathing capacity, 44 per cent of the predicted value for a 
normal chest with both lungs. 
. First second vital capacity, 74 per cent. 
. Maximum midexpiratory flow, 1.44 L./see. 
. Pulmonary artery systolic pressure: rest 31 mm. Hg; exercise 53 mm. 
Hg. 
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8. Arterial oxygen saturation: rest 96 per cent; exercise 94.5 per cent. 
Class 


The average findings of the group of 7 studies on 6 patients, an average of 
4.5 years postoperatively, were as follows: 


1. Total lung capacity, 3.41 L. 

2. Vital capacity, 42 per cent of the normal predicted for a patient with 
two lungs. 

3. Residual volume, 1.75 L. 

4. Maximum breathing capacity, 38.5 per cent of the predicted value for a 
normal chest with two lungs. 

5. First second vital capacity, 72.4 per cent. 

. Maximum midexpiratory flow, 0.988 L./see. 


CIRCULATORY STUDIES AFTER EXTENSIVE PULMONARY RESECTION 
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Closs 


Functional 


69-74 (71) 


23-65 (45) 42-72 (59) 46-68 (55) 


Age 


Yrs. Postop 3-11 (61/2) 2-14 (6) 72-15 1/2 (41/72) Swks-7 1/2 yr 


Fig. 2.—Pulmonary artery pressures and arterial oxygen saturations during rest and ex- 
ercise, grouped according to the patient’s functional class. 

The lighter vertical lines represent the changes during exercise for each subject; the 
heavier vertical lines at the extreme right of each group represent the averages for the groups; 
Functional Class—(see text for definition) ; Age = the range of ages of patients within each 
group and the average age for the group; Yrs. Postop. = the range of the number of years 
after surgery for the patients in each group and the average for the group. 
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7. Pulmonary artery systolic pressure: rest 33 mm. Hg; exercise 53 mm. 
Hg. 

8. Arterial oxygen saturation: rest 94 per cent; exercise 92 per cent. 

Class IV.— 


The average findings of the group of 3 patients studied an average of 5.25 
years postoperatively were as follows: 

1. Total lung capacity, 4.73 L. 

2. Vital capacity, 53 per cent of the normal predicted for a patient with two 
lungs. 
FLOW-PRESSURE RELATIONSHIP IN PATIENTS 


AFTER EXTENSIVE PULMONARY RESECTION 


REST 
a EXERCISE 
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(L/MIN 


INDEX 


CARDIAC 


10 20 30 40 50 60 70 
PULMONARY ARTERY SYSTOLIC PRESSURE (MM Hg) 


Fig. 3.—Relationship of pulmonary artery pressure to pulmonary blood flow during res: 
ind exercise. 

Each line represents the change during exercise for 1 patient; dots represent single de- 
erminations at rest or during exercise; numbers in parentheses identify patients by case 
‘umber (see Table I); roman numerals signify the functional class of each case; vertical 
‘otted bred represents the pulmonary artery pressure level in normal subjects at rest and dur- 
ng exercise. 
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. Residual volume, 2.71 L. 
. Maximum breathing capacity (obtained in only 1 ease). 
. First second vital capacity, 60 per cent. 
. Maximum midexpiratory flow, 0.560 L./see. 
. Pulmonary artery systolic pressure: rest 48 mm. Hg; exercise 73 mm. 
Hg. 
8. Arterial oxygen saturation: rest 94.5 per cent; exercise 88 per cent. 
A graphic representation of the relationship of the pulmonary blood flow 
to the pulmonary artery pressure in the 12 patients studied is presented in 
Fig. 3 and will be discussed later. 


DISCUSSION 


The results of the pulmonary function studies on this group of patients 
form the basis of a subsequent report and will not be considered fully here. 
However, in considering the relationship between the findings of the pulmonary 
funetion studies and the patients’ functional capacities, as illustrated in Fig. 1, 
a number of generalizations were drawn. There appeared to be a correlation 
between the functional capacity and abnormalities in the maximum breathing 
capacity, residual volume, and maximum midexpiratory flow.’® In the pa- 
tients with increasing amounts of functional impairment, the maximum breath- 
ing capacity and maximum midexpiratory flow values became progressively 
more reduced, while, in these same patients, the residual volume became 
greater. This observation would support the impression that in these patients 
there were emphysematous changes in the remaining lung as represented by 
marked overdistention, increased airway resistance, as well as arterial oxygen 
unsaturation and abnormalities in the alveolar gas mixing (abnormal nitrogen 
washout curves). It should be pointed out that although a patient may have 
presented the picture of a markedly overdistended lung with marked hernia- 
tion to the opposite side on x-ray studies, this did not necessarily represent 
emphysematous changes in that lung; other portions of the study revealed 
relatively normal findings and the patient experienced little or no functional 
disability. Patient 13 (J. K., Fig. 4) represents such a case. 

Considering the pulmonary artery pressures with regard to the functional 
capacity of the patient, it was found that in Class I, 5 of the 8 patients displayed 
normal pulmonary artery pressures at rest but experienced increases from 25 
to 120 per cent over resting levels during the exercise period. The remaining 
3 patients in Class I had resting pulmonary artery pressures elevated 16 to 64 
per cent above normal resting levels, and these levels during exercise increased 
27 to 94 per cent above the resting levels. Five of the 12 patients in functional 
Class II had normal resting pulmonary artery pressure; during exercise these 
pressures rose 55 to 105 per cent above the resting levels. The 7 remaining 
patients in Class II presented right heart pressures elevated 32 to 52 per cent 
above normal resting values. During exercise, these pressures became further 
elevated to levels 35 to 140 per cent above the elevated resting levels. In the 
Class III group of cases, 3 of the 7 patients had normal resting pulmonary 
artery pressures that increased 18 to 110 per cent above this level during the 
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exercise period. The other 4 Class IIT patients at rest had pulmonary artery 
pressures elevated 16.5 to 125 per cent above normal. While exercising, these 
patients produced 39 to 133 per cent increases in pressure. All 3 of the Class 
IV patients displayed elevated resting right heart pressures; in 2 eases 40 per 
cent above the normal resting value and in the third case the elevation during 
rest was 200 per cent higher than normal. During the exercise period these 
pressures increased 48.5 to 65 per cent above the elevated resting values. 
Pneumonectomy, as well as extensive bilateral pulmonary resection, results 
in a marked reduction of the total pulmonary capillary bed. Normally only a 
portion of the total capillary bed of the lung functions at one time. During 
exercise, with an increase in the amount of oxygen uptake in the lungs asso- 
ciated with increases in cardiae output, undoubtedly a greater fraction of the 
total lung capillary bed functions, as indicated by the lack of alteration in 
right heart pressure and arterial oxygen saturation in the normal individual. 


FUNCTIONAL CLASS I. 


V.G. 
Riv; 
M.B.C. 

1 sec V.C. 


Pulm. Art. Press. 


25 4] 
214) (25) 
Art. Op Sat. 95% 97% 
Pulse Rate 110.0 146.0 
©2 Consumption 235.0 579.0 

| Cardiac Output (L./min.) $3 9.3 


Fig. 4.—A roentgenogram of Patient 13 (J. K.), a 37-year-old woman, taken 3 years post- 
pneumonectomy (left). 

T.L.C. = total lung capacity; V.C. = vital capacity—per cent of normal predicted for 
subject with two lungs; R.V. = residual volume; M.B.C. = maximum breathing capacity—per 
cent of predicted value for a normal chest with both lungs; 1 sec. V.C. = per cent of the vital 
capacity expired in the first second; Pulm. Art. Press. = pulmonary artery pressures (mm. 
Hg) (mean pulmonary artery pressure in parentheses) ; Art. Oz: Sat. = arterial oxygen satura- 
tion; Oz Consumption = oxygen consumption (ml./min.). 


In the patient who has undergone pneumonectomy, the blood flow through the 
remaining lung is doubled. If the total capillary bed of the remaining lung 
does not change and the functioning capillary bed increases, then the reserve 
or nonfunctioning capillary bed of that lung is decreased. Consequently, when 
the oxygen requirements of the body are increased, such as by exercise, and the 
pulmonary blood flow increases, the reserve capillary bed may no longer be 
adequate to accommodate these demands. This would then result in an eleva- 
tion of the right heart pressure and possibly a concomitant fall in arterial oxy- 
gen saturation. 

The effect of the increased blood flow through the remaining capillary bed 
over the course of years is a matter for speculation and is under investigation. 
Possibly the increased flow leads to alterations in these vessels, which in turn 
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reduces the capillary bed and, in turn, the ‘‘reserve’’ capillary bed. However, 
the progressive reduction of the reserve capillary bed may be unrelated to the 
increase in blood flow and be related to pathologie processes occurring in the 
lung tissue with a secondary effect on the capillary bed, such as in emphysema. 
Undoubtedly, both or either process may play a role in an individual patient, 
as will be illustrated in later discussion. 

It has been observed in normal subjects that the mean pulmonary arterial 
blood pressure did not change as the pulmonary blood flow increased up to 
10 L./M.2 body surface area during a steady state of severe exercise." Cour- 
nands reported that in 5 subjects after pneumonectomy the mean pulmonary 
arterial pressure remained within normal limits with a pulmonary blood flow 
of less than 5 L./M.? body surface area; the mean pulmonary arterial pressure 
rising progressively as the blood flow increased beyond this level. 


FUNCTIONAL CLASS II. 


2.4 
ViC. 1.5L. (54%) 
RLY: OSE 

36.0 L. (33%) 
62% 


Rest 


Art.O9 Sat. 98% 95.5% 
Pulse Rate 92.0 112.0 
O72 Consumption 218.0  .542.0 


- Cardiac Output (L./min.) 6.25 8.26 


Fig. 5.—A roentgenogram of Patient 1 (E. B.), a 44-year-old woman, taken 8 years post- 
thoracoplasty (right) and 4 years postpneumonectomy (right). Same key as in Fig. 4. 


In contrast to the findings of Cournand, the results were somewhat differ- 
ent in the group of patients in which the relationship of pulmonary blood flow 
to pulmonary artery pressure was determined (Fig. 3). 

In 5 eases, No. 1 (E. B.; Fig. 5), No. 9 (B. F.), No. 21 (A. M.), No. 25 
(L. R; Fig. 6), No. 31 (J. T.), despite the fact the pulmonary blood flow was 
less than 5 L./M.? per minute, the pulmonary artery pressure increased. This 
suggested that the distensibility curve of the pulmonary vascular bed of these 
remaining lungs differed from that of normal lungs; i.e., a limitation in the 
expansibility of the vascular bed by a reduction in the number of small vessels, 
and/or a decrease in the cross-section of the lumen of the arterioles and pre- 
capillaries. 

Three patients in our series, No. 17 (O. L.), No. 4 (H. Bo.), and No, 29 
(J. Sz.), functional Classes III, IV, IV, respectively, demonstrated abnormalities 
in their pulmonary function studies indicating emphysema in the remaining 
lung. All of these patients had elevated resting pulmonary artery pressures 
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that increased markedly during mild to moderate exercise. One patient, No. 
17 (O. L.), since the time of the study, has become a Class IV patient. Another 
patient, No. 4 (H. Bo.), has died sinee the study, presenting a clinical picture 
of progressive dyspnea and right heart failure in addition to metastatic disease. 
FUNCTIONAL CLASS III. 

¥.G. 

R.V. 


M.B.C. 
V.C. 


Rest Exer. 
35089) 


Aft. Op Sat. 95% 
Pulse Rate 88.0 116.0 
02 Consumption 206.0 591.0 
Cardiac Output (L./min.) 3.2 6.3 


Pulm. Art. Press. 


Fig. 6.—A roentgenogram of Patient 25 (L. R.), a 63-year-old man, taken 15% years post- 
pneumonectomy (right) and post- thoracoplasty (right). Same key as in Fig. 4. 


FUNCTIONAL CLASS IV. 


66 L. 

V.C. 
R.V. OSL. 
M.B.C. L./min. (43%) 
sec 46% 


Rest Exer. 


Pulm. Art. Press. 4a) 


Art. Sat. 96% 90% 
Pulse Rate 84.0 92.0 


Fig. 7.—A roentgenogram of Patient 29 (J. S.), a 74-year-old og taken 7% years post- 
pneumonectomy (left). Same key as in Fig. 


The third patient, No. 29 (J. Sz.; Fig. 7), was nearly a complete respiratory 
cripple, experiencing marked dyspnea at rest. All 3 of these patients following 
pneumonectomy resumed relatively normal activity and only later did they 
experience the onset of progressive dyspnea leading to functional ineapacity. 
The question of whether the emphysema process existed in the remaining lung 
prior to surgery, or whether pneumonectomy resulting in overdistention of the 
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remaining lung brought about the emphysema, cannot be answered from this 
study. Unfortunately preoperative pulmonary function studies of these 
patients were not available. 

Two of the Class I patients, No. 7 (S. D.) and No. 33 (P. W.), were found 
to have markedly elevated pulmonary artery pressures at rest and during 
exercise. Pulmonary function studies in these 2 cases failed to reveal any 
striking abnormalities. Patient No. 33 (P. W.) was found to have a pulmonary 
blood flow during exercise of 5.69 L./M.? per minute which may explain much 
of the increased pressure during exercise, but fails to explain the elevated rest- 
ing pulmonary artery pressure with a blood flow of 2.64 L./M.? per minute. One 
may speculate on the future of Patients No. 7 (S. D.) and No. 33 (P. W.). 
Will the pulmonary hypertension produce changes in the pulmonary vessels 
resulting in even more marked elevations of pulmonary artery pressures, or 
will future pulmonary function studies reveal a pathologie process in the lung 
parenchyma with the pulmonary hypertension representing the first manifesta- 
tion of such a process? 

Patient No. 24, 25 (L. R.) represented one of the few instances in which re- 
peat studies have been performed on the same person after first observing pul- 
monary hypertension. The first 10 to 11 years after his pneumonectomy, this 
patient carried on almost unrestricted activity. Progressive dyspnea developed 
and in the 114-year interval between studies he moved from Class IT to Class HT 
in spite of no significant differences in the pulmonary function studies or ear- 
diae catheterization findings. In retrospect it is possible that this patient 
should have been classified as Class II in the first study, but due to the fact 
that he had a stoic personality, was assigned to Class II. 

Patient No. 20 (J.M.), a Class III patient, represented the opposite type of 
problem. On the basis of pulmonary function studies and cardiae catheteriza- 
tion findings, it might be predicted that he should be in Class I. However, this 
patient was extremely apprehensive and was reluctant to exert himself physi- 
cally, 6 months after pneumonectomy. Since the time of his investigation he 
has shown remarkable improvement in his functional capacity. 

In comparing the findings in the group of patients who had undergone 
bilateral resection with those of the postpneumonectomy patients, it is not 
possible to conelude whether the removal of a comparable volume of lung tis- 
sue bilaterally is better tolerated than a pneumonectomy. The bilateral re- 
section group studied is too small and involves younger individuals than the 
majority of the postpneumonectomy patients. Nevertheless, the possibility 
exists that some of the adverse effects observed after pneumonectomy could be 
attributed to the deviation of mediastinal structures and thereby to the impair- 
ment of ventilatory and ecardiocireulatory function. Mediastinal shift was 
absent in the group of patients following extensive bilateral resection. 


SUMMARY AND CONCLUSION 


1. Physiologic studies were performed on 29 patients 3 weeks to 1514 years 
following pneumonectomy or extensive bilateral pulmonary resection. 


4 
{| 
: 


Volume 36 _COR PULMONALE FOLLOWING PULMONARY RESECTION 367 


Number 3 


2. Results of the studies were compared with the functional capacity of 
each individual. 

3. The older the patient at the time he underwent pneumonectomy, the 
more likely he was to experience a reduction of functional capacity later. 

4. Reduction of functional capacity correlated well with reduction of 
maximum breathing capacity and maximum midexpiratory flow, and corre- 
lated inversely with the increase in residual volume. 

5. Comparison of the functional capacity with pulmonary artery pressures 
at rest and during moderate exercise suggested a direct relationship. As the 
functional incapacity increased, the levels of pulmonary artery pressure at 
rest and during exercise were found more elevated. 

6. Reduction of functional capacity appeared to be more closely related to 
the effects of pulmonary hypertension than alterations in arterial oxygen 
saturation. 

7. Pulmonary artery pressure—pulmonary blood flow relationships in the 
remaining lung after pneumonectomy differed from that of a normal lung and 
suggested a limitation in the expansibility of the vascular bed. 

8. Mechanisms of development of pulmonary hypertension as a late result 
of pneumonectomy are suggested. 
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EFFECT OF SEVERE UNILATERAL HYPOXIA ON THE 
PARTITION OF PULMONARY BLOOD FLOW IN MAN 


A. Himmelstein, M.D., P. Harris, M.D. (by invitation),* H. W. Fritts, Jr., 
M.D. (by invitation), and A, Cournand, M.D., New York, N. Y. 


HEN a moderate degree of hypoxia is induced in eitler animal or human 
Wh nae an elevation of the pulmonary arterial pressure frequently oe- 
curs. This pressor response appears to be caused by pulmonary vasoconstric- 
tion, since the left atrial pressure is not altered and since the cardiae output 
is only moderately inereased.'~° 

Such observations led von Euler and Liljestrand? to suggcst that local 
hypoxia might play a role in controlling the distribution of the pulmonary 
blood flow. They reasoned that a local reduction in the alveolar oxygen 
tension would constrict the vessels in the affected area, thereby diverting a 
portion of the blood carried by these channels through vessels in better 
aerated parts of the lungs. Several investigators have tested this hypothesis 
by inducing unilateral hypoxia. Although it has been shown that this stimulus 
can change the partition of the pulmonary blood flow in animals,'’'® there 
has been conflicting evidence that this response can be elicited in man.'™ '” 

In a previous series of experiments in this laboratory, the administration 
of 10 per cent oxygen to one lung in 6 human subjects had no observable 
effect on the partition of the pulmonary blood flow.'* The present study was 
undertaken to investigate the effects of more severe hypoxia. In this study, 
) per cent oxygen was administered to one lung. 


METHOD 


The details of the method used to measure the blood flow through each lung 
have been described previously.'* In brief, the technique combined right heart 
catheterization, bronchospirometry, and arterial cannulation. The simultaneous 
use of these three devices made it possible to measure (1) the gas exchange in 
each lung separately, (2) the concentration of oxygen in the arterial and mixed 
venous blood, and (3) the pressures in the pulmonary and brachial arteries. 
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SEVERE UNILATERAL HYPOXIA 371 

The protocol consisted of three consecutive breathing periods. In the first, 
the lung free of disease breathed 25 per cent oxygen while the opposite lung 
breathed 21 per cent oxygen. Pressures were recorded at 3-minute intervals, 
and at the tenth and fifteenth minutes, samples of blood and gas were col- 
lected for the calculations of flow. 

During the second period, unilateral hypoxia was induced by substituting 
5 per cent oxygen for the 21 per cent oxygen mixture. Pressures were re- 
corded every 3 minutes, and the arterial blood oxyhemoglobin saturation was 
measured every 4. The blood and gas samples used to measure flow were 
collected at the fifteenth and twenty-fifth minutes of hypoxia. 

The third period was completed in five of the seven studies. During this 
period, 21 per cent oxygen was substituted for the 5 per cent oxygen mixture 
so that final control measurements could be obtained. Pressures were recorded 
at 3-minute intervals, and at the fifteenth minute the last collections of blood 
and gas were made. 


CALCULATIONS 


The total pulmonary blood flow was calculated by applying the Fick 
principle. This entailed dividing the total oxygen uptake by the arteriovenous 
oxygen difference. The flow through the lung breathing the high oxygen mix- 
ture was estimated by the same principle, but here it was assumed (1) that 
the saturation of the blood leaving this lung was 98 per cent, and (2) that 
its content of oxygen was equal to that calculated from the expression shown 
below.?® 7° 


0.98 (O, Capacity -0.5) +0.3. 


Finally, the flow through the opposite lung was estimated by subtracting 
the flow through the high oxygen lung from the total pulmonary flow. 


SUBJECTS 


Two groups of subjects were studied. The first included 5 men believed 
to have normal pulmonary vessels: one (A. M.) had recovered from pneu- 
monia; one (D. H.) had shown complete resolution of a lung abscess; and 3 
had been admitted to the hospital for treatment of a minimal tuberculous 
foeus at the apex of one lung. 

The second group was composed of 2 men who had each undergone a 
modified right upper lobectomy for bronchogenic carcinoma approximately 
14 months prior to the time of the study. In the course of the surgery, the 
proximal end of the divided right main-stem bronchus had been anastomosed 
to the distal end of the intermediate bronchus, and all of the adjacent tissues, 
including the nerves, had been divided. The pulmonary artery had also been 
stripped of adventitia and the adjacent nerves sectioned. Hence, only a nerve 
supply lying near the inferior pulmonary vein could have remained intact. 
It was believed, therefore, that the right middle and lower lobes were almost 
completely denervated. 
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RESULTS 


The results are presented in Tables I, II, and III. 

In Tables I and II, the initial control values represent an average of two 
successive measurements. In Table III, the partition of the ventilation and 
blood flow in the individual control measurements is shown. The measure- 
ments made after 15 minutes of unilateral hypoxia are not recorded in the 
tables since, in several instances, this period proved to be too brief for the 
attainment of a steady state of the gas exchange. 


TABLE II. Errect oF UNILATERAL HYPOXIA ON ARTERIAL BLOOD OXYHEMOGLOBIN SATURATION, 
PARTITION OF TOTAL PULMONARY BLOOD FLOW, AND PULMONARY ARTERIAL PRESSURE 


PULMONARY ARTE- 
Qu 10 RIAL PRESSURE 
SUB- Qu Qn Or (MM. HG) 
JECT STATE (%) (L./MIN.) | (L./MIN.) | (L./MIN.) | (%) 


Control 3.14 5.87 23" 

Hypoxie 92 5.89 2,92 8.81 33 23* 
A.M. Control 96 3.59 2.90 6.49 45 20 9 15 

Hypoxie 87 4.20 1.69 5.89 29 22 411 16 


D.H. Control 96 4.75 3.41 8.16 42 
Hypoxie 94 7.54 1.98 9.52 21 
Control 95 5.38 3.56 8.94 40 


Control 4.50 3.06 7.56 41 it 

Hypoxic 4.20 3.40 7.60 45 1 8 

Control 94 3.38 4.39 Wate 56 16 8 11 

Control 95 6.68 fg 

Hypoxie 70 3.40 6.37 7 65 37 14 22 
2 


Control 91 2.88 5.84 


Group IT. Patients With Lobectomy and ‘‘ Denervated’ 
P.H. Control 97 4.18 3.71 7.89 47 27 10 16 
Hypoxie 85 4.35 3.02 Geol 41 35 14 20 
Control 93 3.00 3.15 6.15 51 25 9 15 


Control 2.85 
Hypoxic 86 3.76 2.61 6.37 41 34 19 25 
Control 97 fe bf 2.35 5.52 43 28 16 21 


*Pressures recorded from right ventricle. 


In general, the values of ventilation and cardiae output measured during 
the control periods were larger than those usually found in resting subjects. 
These large values, which were also observed in the previous study,'* were 
partly attributable to the presence of the bronchospirometry catheter, and 
partly to the dose of atropine given to suppress bronchial secretions. The 
values measured after 25 minutes of hypoxia were also large but satisfied 
the steady-state criteria. In each of the subjects, both the total oxygen up- 
take and the respiratory quotient measured at the end of 25 minutes were 
comparable to those measured before hypoxia was induced. 

In 3 of the subjects in the first group (A. M., D. H., and B. M.) unilateral 
hypoxia reduced the fraction of the total blood flow perfusing the hypoxie 
lung. The sequence of events in Subject A.M. is illustrated in Fig. 1. It 


: Group I. Patients With Minimal Unilateral Lung Disease 
S. L. 
| J. Me. 
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TABLE III. PARTITION OF VENTILATION AND BLOOD FLOW BETWEEN THE TWO LUNGS DURING 
THE CONTROL AND Hypoxic PERIODS 


TIME OF 
EXPOSURE 
SUBJECT STATE (MIN. ) 
Group I. Patients With Minimal Unilateral Lung Disease 
B. M. Control 8 
Control 12 
Hypoxie 26 


Control 12 
Control 16 
Hypoxic 27 
Control 11 
Hypoxic 26 
Control 17 


Control 
Hypoxic 
Control 


Control 
Control 
Hypoxie 
Control 


Group II, Patients With Lobectomy and ‘‘ Denervated’’ Lung 
Control 12 
Control 
Hypoxie 
Control 


Control 
Control 
Hypoxie 
Control 


A.M. UNILATERAL HYPOXIA 


ARTERIAL 

OXYGEN 

SATURATION 
(PER CENT) 


PULMONARY 

ARTERY 

PRESSURE 
(mm Hg) 


TOTAL 

BLOOD 

FLOW 
(L/MIN.) 


BLOOD FLOW 

THROUGH 

EACH LUNG 
(L/MIN.) 


1 
40 


20 30 
TIME IN MINUTES 


Fig. 1.—Etftect of inducing severe unilateral hypoxia in Subject A. M. In the bottom 
graph, open circles and solid line indicate blood flow through the lung breathing the high oxy- 
gen mixture; closed circles and dashed line indicate blood flow through the hypoxic lung. 
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ean be seen that the induction of hypoxia produced a prompt fall in the 
arterial oxyhemoglobin saturation. By the fifth minute of hypoxia, the satu- 
ration had reached its lowest level, after which it began to rise. At the end 
of 15 minutes, a change in the partition of flow was apparent, and at the end 
of the twenty-fifth minute, this change was quite pronounced. The sequence 
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BLOOD FLOW 
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te) 25 30 


10 15 20 
TIME IN MINUTES 
Fig. 2.—Effect of inducing severe unilateral hypoxia in Subject B. M. In the bottom 


graph, open circles and solid line indicate blood flow through the lung breathing the high oxy- 
gen mixture; closed circles and dashed line indicate blood flow through the hypoxic lung. 
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Fig. 3.—Effect of inducing severe unilateral hypoxia in Subject J. Mc. In the bottom 
graph, open circles and solid line indicate blood flow through the lung beige og J the high oxy- 
gen mixture; closed circles and dashed line indicate blood flow through the hypoxic lung. 


of events in Subject D. H. was similar, but that in Subject B. M. was some- 
what different and is shown in Fig. 2. From the figure it can be seen that no 
shift in flow was evident at the fifteenth minute of hypoxia, but a shift ap- 
peared after 25 minutes had elapsed. 
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The results in Subject S. L. were inconelusive. After 25 minutes of hy- 
poxia, the partition of flow was the same as it had been during the initial 
control period. However, the final control measurement indicated that the 
lung which had been hypoxie was carrying an increased fraction of the total 
pulmonary flow. 

The response of Subject J. Me. is illustrated in Fig. 3. Following the in- 
duction of unilateral hypoxia, the arterial oxyhemoglobin saturation fell to 
70 per cent and remained at this low level. At the same time, pulmonary 
hypertension developed, but the partition of flow between the lungs remained 
identical to that during the control periods. 
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Fig. 4.—Effect of inducing severe uniateral hypoxia in Subject R. J. who had a denervated 
lung. In the bottom graph, open circles and solid line indicate blood flow through the lung 
breathing the high oxygen mixture; closed circles and dashed line indicate blood flow through 
the hypoxic lung. 

In the 2 subjects in the second group, the denervated lung breathed the 
5 per cent oxygen mixture. During hypoxia, the fraction of the total flow 
perfusing this lung was somewhat diminished, while the pressure in the pul- 


monary artery definitely rose (Fig. 4). 


DISCUSSION 


Four points merit emphasis: (A) the limitations of the method, (B) the 
demonstration that unilateral hypoxia may affect the partition of the pul- 
monary blood flow, (C) the degree of hypoxia necessary to produce an effect 
on the pulmonary vessels, and (D) the mechanism whereby the effect of 
hypoxia is mediated. 

A. The Limitations of the Method.—The reliability of the caleulated values 
ot blood flow through the individual lungs rests directly on the validity of the 
assumption that the oxygen content of the blood leaving the high oxygen lung 
can be estimated. The reasons for believing that the assumption is valid have 
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been considered in two previous reports.'* ?° In brief, these reasons are (1) 
that in each ease the lung receiving the 25 per cent oxygen mixture was nor- 
mal, (2) that on a previous day the administration of 25 per cent oxygen to 
both lungs had produced an arterial blood oxyhemoglobin saturation of at 
least 98 per cent, (3) that in the lung breathing the high oxygen mixture, 
the calculated Pay, was approximately 120 mm. Hg, and (4) that in the 
initial control period, with the bronchospirometry catheter in place, the 
arterial oxyhemoglobin saturation was never lower than 95 per cent. It would 
seem, therefore, that the expression used to caleulate content would closely 
estimate the concentration of oxygen in the blood leaving the high oxygen 
lung. 

A second limitation of the method stems from the fact that when the two 
lungs breathe gas mixtures containing different concentrations of nitrogen, 
a difference exists between the tension of nitrogen in the mixed venous blood 
and that in the alveolar air. This difference persists regardless of the length 
of time allowed for the attainment of a steady state. Thus, in the lung 
breathing the lower concentration of nitrogen, the volume of this gas ex- 
pired exceeds that inspired, while in the opposite lung the reverse situation 
obtains. This inequality must necessarily affect the calculation of oxygen 
uptake. But theoretical considerations indicate that the effect of this phe- 
nomenon introduces an error of the order of only 1 per cent. 


B. The Demonstration That Unilateral Hypoxia May Affect the Partition 
of the Pulmonary Blood Flow.—From Table III it is apparent that the frae- 
tions of flow perfusing the low oxygen lung showed close agreement in the 
two measurements made in the initial control period. Hence, the changes in 
this figure produced by unilateral hypoxia in 3 of the subjects suggest that a 
shift in flow away from the hypoxie lung actually occurred. In general, these 
changes were smaller and less constant than those observed by Blakemore, 
Carlens, and Bjérkman'® in patients with lung disease. These investigators 
also used a technique involving bronechospirometry, eardiae catheterization, 
and arterial cannulation. However, their method of ealeulation of partition 
of blood flow involved (1) equilibration of the gas in the hypoxie lung with 
the mixed venous blood, and (2) estimation of the arterial blood oxygen ten- 
sion when a high concentration of oxygen (80 per cent) was breathed. From 
the published data, it is not possible to determine whether a steady state of the 
respiration and circulation was attained. 

In our own studies, it was of interest that although the partition of ventila- 
tion between the two lungs was not affected by unilateral hypoxia, the fraction 
of the total carbon dioxide eliminated by the hypoxie lung was reduced. Rahn 
and Bahnson"™ previously reported a difference in the alveolar carbon dioxide 
tensions in the two lungs of dogs subjected to unilateral hypoxia. They sug- 
gested that the difference might either be due to the Bohr effect, or to the fact 
that unilateral vasoconstriction altered the ventilation-perfusion relationships 
in the lungs. 
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Of particular interest was the fact that unilateral hypoxia produced a 
change in the partition of carbon dioxide excretion in the 2 patients with de- 
nervated lungs, even though in these patients it was questionable whether a 
shift in flow occurred. 


C. The Degree of Hypoxia Necessary to Produce an Effect on the Pulmo- 
nary Vessels—Several investigators have demonstrated that the inhalation 
of 12 per cent oxygen by both lungs almost always elicits a pressor response 
in the pulmonary artery. Presumably, this response is caused by constriction 
of the pulmonary vascular bed. One might expect, therefore, that the ad- 
ministration of 10 per cent oxygen to one lung would cause unilateral pul- 
monary vasoconstriction. The fact that it did not'* may be attributable to 
the conditions under which gas is exchanged in the hypoxic lung. 

The following considerations deal with this question. They are based 
on the fact that the alveolar oxygen tension can be roughly ecaleulated by 
first dividing the alveolar carbon dioxide tension by the respiratory quotient, 
and then by subtracting this number from the tension of oxygen in the trachea. 
If we assume that the barometric pressure is 760 mm. Hg, then the tracheal 
oxygen tension when both lungs breathe 12 per cent oxygen is 86 mm. Hg. If 
we further assume an alveolar carbon dioxide tension of 40 mm. Hg and a 
respiratory quotient of 0.80, then the alveolar oxygen tension is approximately 
36 mm. Hg in both lungs. 

When 10 per cent oxygen is breathed, the tension in the trachea is 71 mm. 
Hg. When this mixture is breathed by a single lung, the lung continues to 
expire carbon dioxide although the rate of oxygen uptake substantially falls. 
As a consequence, the respiratory quotient has been found to be consistently 
greater than 1.0. If we assume a value of 1.3, which was the average of the 
values measured in the previous study,'* and if we again assume an alveolar 
carbon dioxide tension of 40 mm. Hg, then the alveolar oxygen tension in the 
hypoxie lung is approximately 41 mm. Hg. In short, when 10 per cent oxy- 
gen is inspired unilaterally, the alveolar oxygen tension in the hypoxie lung 
is higher than it would be if 12 per cent oxygen were being breathed by both 
lungs. 

Similar calculations made with the data in Table I indicate that the ad- 
ministration of 5 per cent oxygen to one lung reduces the oxygen tension to 
below 35 mm. Hg. Hence, a very low concentration of inspired oxygen is 
needed in order to produce an effect in one lung comparable with that pro- 
duced when 12 per cent oxygen is breathed by both. 


D. The Mechanism Whereby the Effect of Hypoxia Is Mediated.—In earlier 
studies in this laboratory, the inhalation of 12 per cent oxygen by both lungs 
elicited a pressor response in the pulmonary artery in each of 2 patients who 
had undergone sympathectomy.* *! The first patient had had bilateral re- 
section of the cervical and upper four dorsal sympathetic ganglia; the see- 
ond had had all of the sympathetic ganglia removed. The results in these 
2 patients confirm those made earlier in animals,’ namely, that the sympathetic 


a 


Thoraci 
378 HIMMELSTEIN, FRITTS, COURNAND tom 


ganglia are not essential for the mediation of the hypoxic effect. In the pres- 
ent series, the results obtained in the patients with a denervated lung, 
although not conelusive, seem to support the concept that the effects of local 
hypoxia are not mediated through the sympathetic nerves. 

Beyond showing that nerves may not be important in the mediation of 
the response, our data shed no light on the exact mechanism involved. The 
observations made in J. Me., the normal subject, who developed pulmonary 
hypertension without a shift in flow, suggest that two mechanisms may be 
present. On the one hand, the shift in flow may be caused by pulmonary 
hypoxia, as a result of a local action not yet clarified. On the other, the rise 
in the pulmonary arterial pressure would seem to indicate that both lungs 
were affected; a response which may be related somehow to the oxygen ten- 
sion in the blood.”? 


SUMMARY 


The administration of 5 per cent oxygen to one lung in 5 normal subjects 
reduced the fraction of the total flow perfusing the hypoxie lung in 3. In 
the fourth, the results were inconclusive, and, in the fifth pulmonary hyper- 
tension developed with no change in the partition of flow. 

In 2 subjects in whom most of the nerves to one lung had been sectioned, 
unilateral hypoxia raised the pulmonary arterial pressure and produced a 
questionable shift in flow. 

It appears that unilateral hypoxia can affect the partition of the blood 
flow between the lungs in human subjects. However, this effect is not in- 
variably present and is seen only when the concentration of oxygen in the 
inspired gas mixture is very low. 
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DISCUSSION 


(PaPEerRS BY ADAMS [PAGE 352] AND HIMMELSTEIN [PAGE 369] AND THEIR ASSOCIATES ) 


DR. ANDRE COURNAND, New York, N. Y.—I am greatly honored to have been 
invited to participate in the program this morning. I have not come to the podium to 
present a paper but, indeed, to pay my tribute to the memory of Dr. Evarts Graham. 
My associate and close collaborator for more than 17 years, Dr. Himmelstein, will present 
our paper. This is due him since the data to be reported and discussed were secured 
to a great extent because of his skill and his thorough knowledge of the several tech- 
niques used in combination. 


My first encounter with Dr. Graham dates back to 1937, on the occasion of the 
meeting of this Association held at Saranac Lake. On the program there were four 
papers dealing with the application of physiological tests to problems of thoracic surgery. 
If I recall correctly, our own presentation met with little enthusiasm, probably not so 
much because the subject was novel, but because of the accent of the speaker! During 
the meeting I had been impressed by the admirably controlled and self-possessed appear- 
ance of one of the members of the Association. When he came to tell me that he was 
much interested in the content of my paper, I felt somewhat less distressed by the 
apparent lack of enthusiasm of the audience. Several years later, Dr. Graham repeated 
this kindly gesture when, in collaboration with Dr. Frank Berry, I presented at one of 
our meetings the results of our studies in patients before and after pneumonectomy. His 
remarks can be found in the discussion published in the JoURNAL OF THORACIC SURGERY. 

On a third occasion, Dr. Graham gave me an even more objective and precious evi- 
dence of his sympathy. In a way this was probably an opportunity for him to express his 
feeling toward Frenchmen whom he had learned to like during the First World War. I 
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had written him a letter of recommendation on behalf of Dr. Andre Germain, a Fellow of 
the French Cultural Service, who was sent to the United States to be trained as a thoracic 
surgeon. Within a week not only had I received a favorable answer but my protégé was 
starting to work as an assistant resident on the world-renowned surgical service at Barnes 
Hospital. This was a great privilege and opportunity for him. For me, the exchange of 
letters, and the rapid and favorable decision, was proof that Dr. Graham, like other great 
men, was not bound by precedents or by conformity to strict rules. 


DR. PAUL NEMIR, Jr., Philadelphia, Pa—I wish to congratulate Dr. Adams and 
his associates on this excellent presentation, Studies such as these are important and will, 
I think, contribute equally as much in our efforts to improve long-term survival statistics 
as will the significant studies relating to blood vessel and lymph node invasion, and the 
studies reported by Dr. Meade. 

Dr. Meade stated that in 32 per cent of the autopsies studied there was no evidence 
of recurrence. Undoubtedly a large number of the failures to survive for appreciable 
periods of time was due to the fact that pulmonary insufticiency occurred following the 
resectional therapy. This has certainly been true in an analysis of our own series of 
cases. 

If it were possible by more accurate preoperative pulmonary function studies to 
delineate and exclude this group of patients, then we could expect better survival rates 
following resection. 

While it is true that withholding operation from the patient with precarious pulmo- 
nary function is not going to prolong his survival, at least he will be spared the distress- 
ing situation of being a pulmonary cripple. 

We have continued our studies of pulmonary function, utilizing the method of uni- 
lateral pulmonary artery occlusion reported before the Association 2 years ago. Our 
findings are in agreement with those reported by Dr. Adams. An elevated resting pul- 
monary artery pressure or a sustained increment following balloon occlusion of the uni- 
lateral pulmonary artery has been almost uniformly of grave prognostic significance. 


We have found that small increments of the order of 6 to 8 mm. Hg following oe- 
clusion are of great significance. Since the average age of the patients we have studied 
has been 61 years, the control resting pulmonary artery pressures have been at the very 
upper limits of normal. Small increments could therefore be reasonably expected to have 
greater significance. I would like to ask Dr, Adams the magnitude of the elevations they 
have noted. 

A second measurement which we have found to be important is the wedge pres- 
sure. Elevations of this pressure may also be correlated with a poor prognosis. 

While it is true that these detailed studies may not be routinely performed, the 
knowledge we are gaining from them will allow for more accurate preoperative evalua- 
tion of the patient undergoing pulmonary resection, and I am sure that more simple 
methods for obtaining similar information will soon be available. 


DR. WILLIAM 8S. BLAKEMORE, Philadelphia, Pa.—It is a fitting tribute to Dr. 
Graham to have a presentation of physiologic studies in this morning’s program. One of 
Dr. Graham’s earliest contributions was in the field of pulmonary physiology. The work 
which Dr. Himmelstein has presented is especially significant in corroborating the findings 
in man that were previously shown in animals. Several years ago Dr. Bjérkman, Dr. 
Carlens, and I performed similar studies in man, with one lung rebreathing a mixture 
of about 6 to 7 per cent oxygen and 5 per cent carbon dioxide and the other lung re- 
breathing a mixture of 50 to 80 per cent oxygen and less than 0.3 per cent carbon dioxide. 
We found that differences in oxygen and/or carbon dioxide concentrations in the inspired 
gas had an effect upon pulmonary blood flow. Our method differed from the method used 
by these investigators and we were disappointed that Fishman and this group did not 
find a change using 10 per cent oxygen in the hypoxic lung, since the method used in 
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these studies should provide greater accuracy. Now, however, they have today reported 
changes in blood flow with lower than 10 per cent oxygen in the hypoxie lung. Since 
even these methods of calculating the blood flow through each lung are likely to have a 
high per cent of error, additional studies using more direct methods, i.e., Forster’s 
acetylene method for measuring the pulmonary blood flow, should be tried to re-evaluate 
the effects of different concentrations of carbon dioxide and oxygen; to determine the 
critical concentrations of these substances necessary to produce changes in distribution 
of the pulmonary blood flow; and to determine the receptors and mechanism that mediates 
these changes in the lung. 


DR. ADAMS (Closing).—I wish to thank the discussers for their constructive con- 
tributions to our paper. The problem of reduced pulmonary reserve, especially with the 
development of pulmonary hypertension, continues to increase in frequency with the 
inerease in life expectancy. Although much has been learned about the nature of this 
problem, methods of management are still far from adequate. Although I have been 
asked to present this paper, the major portion of the investigative work has been carried 
out by other authors on the paper. 
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SURGICAL TREATMENT OF “ATYPICAL” PATENT 
DUCTUS ARTERIOSUS 


William P. Young, M.D. (by invitation), George G. Rowe, M.D. 
(by invitation), Anthony R. Curreri, M.D., and 
Joseph W. Gale, M.D., Madison, Wis. 


USE of ecardiae catheterization has frequently established the presence 
of patent ductus arteriosus in the absence of the usual physical signs. 
These patent ductus are usually associated with pulmonary hypertension. 
The term ‘‘atypical’’ patent ductus arteriosus has come to imply the presence 
of associated pulmonary hypertension. The advisability of closing a patent 
ductus when the pulmonary artery pressure approaches or equals the pres- 
sure in the aorta has been questioned on the basis of the high operative 
mortality.’ ** 14 A number of successful results, however, have been re- 
ported by these and other authors.® '* 1% 1% 17 

On the other hand, closure of the uncomplicated patent ductus is safe 
and unquestionably indicated.’ At the University Hospitals, patients with 
the typical finding of patent ductus arteriosus are corrected without cardiac 
catheterization or other special diagnostic procedures. In 163 uncomplicated 
cases in which there was ligation or division, there were 2 deaths and 2 recur- 
rences. There were no other significant complications. Among the early 
cases in 1940 and 1941, there were 4 ligations carried out in the presence of 
subacute bacterial endarteritis. Two of these patients died and account for 
the deaths in the series of typical cases. One of the recurrences followed 
ligation with umbilical tape, and it is felt that the tie was not drawn com- 
pletely tight. The second recurrence followed closure of the ductus with 
nonabsorbable ties and suture ligatures without dividing the ductus. It is 
now routine to divide all patent ductus. 

It is the purpose of this paper to report surgical experience with a group 
of 28 patients who had patent ductus with varying degrees of pulmonary 
hypertension. These patients were considered preoperatively to have a patent 
ductus arteriosus as the only anatomic lesion. Later, 3 were shown to have 
concomitant congenital heart defects, and a fourth patient is suspected of 
having an additional defect. The accompanying table lists the preoperative 
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catheterization pressure in the pulmonary artery and aorta, pressures in the 
pulmonary artery and aorta taken at the time of surgery before and during 
temporary occlusion of the ductus, postoperative catheterization data, and 
available follow-up data. All but 1 patient had preoperative cardiac catheter- 
ization studies. The exception was a 3-month-old baby in whom a large 
patent ductus arteriosus was demonstrated by angiocardiogram. The cardiae 
catheter was passed through the ductus into the aorta in all but 2 patients, 
and in those 2 patients the systemic pressure was recorded from the femoral 
artery. Technical difficulties made some of the pressures recorded at the 
time of surgery unsatisfactory. For 5 of the cases, simplified pressure meas- 
urements without accurate calibration were carried out which showed only 
relative pressure changes. In each of these instances the systolic pressure 
inereased in the aorta and decreased in the pulmonary artery with temporary 
occlusion of the patent ductus arteriosus. Postoperative catheterization pres- 
sures are given for 8 patients, the catheterization having been carried out 
from 7 to 14 months after surgery. 


mn. Hg. 


Fig. 1.—Optical recording of pressures in the aorta and pulmonary artery at surgery 
before, Scien, and after temporary occlusion of the patent ductus arteriosus. (Case 26, 
12-year-old girl who had had intermittent bidirectional shunt through the ductus.) This 
response to temporary occlusion is very favorable. It established that the bidirectional shunt 
was predominantly left-to-right and also that there was a significant shunt so that the patient's 
hemodynamics will be improved by dividing the ductus. 


The response in the pressures in the pulmonary artery and aorta during 
temporary occlusion at time of surgery appears to be very significant as far 
as the patient’s prognosis is concerned. Fig. 1 shows a very favorable re- 
sponse to temporary occlusion. These are pressure tracings recorded in a 
12-year-old girl who had had intermittent bidirectional shunt through the 
ductus. This response to temporary occlusion confirmed the catheterization 
data which indicated that the bidirectional shunt was predominantly left- 
to-right. It also established that the shunt was of significant volume so that 
the patient’s hemodynamies could be improved by dividing the ductus. Vary- 
ing the concentration of oxygen in the anesthetic mixture did not affect these 
pressures but probably would have if observation had been continued over 
a long period.” 

Fig. 2 shows pressures similarly recorded in Case 5 who is now sus- 
peeted of having an interventricular septal defect. Such a lack of response 
to occlusion of the ductus is considered an unfavorable sign in the presence 
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of a ductus of significant size. The lack of response indicates the shunt 
through the ductus is not supporting the pulmonary hypertension and that 
the elevation of pulmonary artery pressure is due to an increase in pulmonary 
vascular resistance or another more significant shunt. When there was no 
pressure response to closure of a patent ductus, the prognosis in this series 
was poor. Three of 4 such patients died in the postoperative period. There 
was only one death among the other 24 patients who had a favorable pressure 
change with temporary occlusion of the ductus. The pressure responses do 
not need to be as marked as shown in Fig. 1 to be a favorable prognostic sign. 

Another cardiovascular defect was found later in 3 of 4 patients who had 
no pressure change with temporary occlusion in the ductus. Four other 
patients not included in this series had patent ductus arteriosus and known 
septal defects. Systemic and pulmonary artery pressures were recorded while 
the ductus were being closed and no significant change occurred in the pres- 
sures. Considerable change, however, did take place with the closure of the 
septal defects. Adding these cases to the preceding group gives a total of 
8 cases in which there was no pressure response to occlusion of the ductus. 


| 


Fig. 2.—Optical recordings of pressures in the aorta and pulmonary artery at surgery 
before, during, and after temporary occlusion of the patent ductus arteriosus. Occlusion was 
established and_ released at the first and second breaks in the heavy line, respectively. (Case 
5, 7-month-old boy.) This lack of response to occlusion is an unfavorable sign and indicates 
that the shunt through the ductus is not supporting the pulmonary hypertension. In this 
case it is suspected that there is a ventricular ,septal defect. 


In 7 of these 8 instances, there were additional cardiac defects. The lack 
of pressure changes on temporary occlusion of the ductus may also be due 
to a balance between the systemic and pulmonary resistances but at least 
on theoretical grounds should be found only when the preocelusion pressures 
are equal in the pulmonary artery and aorta. 

Many authors have described the changes in the pulmonary arteries. 
Edwards,® Smith,* and Cosh’? have good discussions on the subject and it 
will not be discussed here except to say that in the presence of pulmonary 
hypertension the walls of muscular arteries are frequently found to be 
thickened with encroachment upon the lumen. There is reason to believe that 
in some instances there is persistence of the fetal pattern of blood vessels 
and in other instances the changes in the vessels are acquired as a result 
of a long-standing pulmonary hypertension. 
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TECHNIQUE OF CLOSURE 


In the technique of closing a patent ductus in the presence of pulmonary 
hypertension, one must be very conscious of the greater hazard of serious 
bleeding from a tear in the pulmonary artery. It is considered essential that 
the short wide ductus that have associated pulmonary hypertension be divided. 
Fig. 3 illustrates the technique that was used in closing many of these ductus. 
The aorta is dissected out above and below the ductus and umbilical tapes 
are passed about the aorta at these sites. The aorta is completely mobilized 
in the vicinity of the ductus and mobilization of the ductus is completed by 
dissecting medial to the aorta and ductus as suggested by Jones.® A moderate 
degree of hypothermia has been a routine for surgery for patent ductus since 
it was suggested by Ellis and his associates.° The patients were cooled to 
92° to 95° F. These two procedures provide the opportunity to cross-clamp 
the aorta if necessary. The Potts-Smith clamp’ is frequently used when there 


Fig. 3.—The aorta is mobilized adjacent to the ductus and tapes are passed around the 
aorta above and below the ductus. The vagus and recurrent nerves are carried toward the 
pericardium with the dissection. A Potts-Smith aortic clamp is frequently used so that the 
ductus may be divided flush with the aorta, permitting suturing of the ductus rather than 
the pulmonary artery in the presence of pulmonary hypertension. 


is pulmonary hypertension or the ductus is short and wide. In such a situa- 
tion the ductus itself is allowed to remain with the pulmonary artery to 
facilitate its closure—the ductus being divided flush with the aorta. A tear 
in the pulmonary artery is more difficult to control than a defect in the wall 
of the aorta when the aorta is mobilized. Controlled hypotension’ with the 
use of trimethaphan ecamphorsulfonate (Arfonad) or the cross-clamping of 
the aorta® proximal to the ductus has been used to facilitate the application 
of clamps. Although the longitudinal suture line in the aorta, made necessary 
by the use of the Potts-Smith clamp, may be less desirable than the trans- 
verse suture line, there has been no trouble with healing of the longitudinal 
line and no patients have been lost due to technical difficulties. 
Enlargement of the heart, pulmonary artery, and aorta may reduce the 
operating space about the ductus and require the employment of many of 
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the possible safe-guards, such as hypothermia, cross-clamping the aorta, con- 
trolled hypotension, Potts-Smith clamps, placing mattress sutures before 
cutting through the ductus, and dividing and suturing the ductus in stages. 

The data in Case 10, shown in Table I, are of unusual interest. This 
patient, whose proved patent ductus had been divided 7 years earlier, 
presented himself again and on eardiae catheterization was found to have 
an aorticopulmonary window with pulmonary hypertension. This window 
is included with the atypical patent ductus because of the identical he- 
modynamies. With a pump-oxygenator ready, a bilateral anterior thoracot- 
omy was made. The site of the previous ductus division was dissected out 


Fig. 4. 


Fig. 4.—An aorticopulmonary window is present adjacent to the ventricles. The site 
of the window can be seen just above the proximal tape around the aorta. The origin of the 
pulmonary artery may be seen as the ventricular musculature is retracted with the instrument 
(Case 10). There was moderate pulmonary hypertension. 

Fig. 5.—Aorticopulmonary window has been divided and sutured. Controlled hypoten- 
sion was maintained with Arfonad during the application of clamps and the suturing. <A 
bump-oxygenator had been prepared but was not used. 


and no reeurrence found. Fig. 4 shows the aorticopulmonary window which 
measured 20 mm. in diameter and was just far enough above the ventricles 
so that it could be divided and sutured as one divides a ductus. Controlled 
hypotension was used to facilitate the application of clamps and suturing. 
The pump-oxygenator was not used. Fig. 5 shows the suture defects in the 
aorta and pulmonary artery after the communication had been divided. 


RESULTS 


If the data on Table I is summarized, it is found that 24 of the 28 patients 
had favorable pressure changes to temporary occlusion of the ductus. When 
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no pressure changes could be recorded, care was taken to observe the systemic 
pressure obtained by the anesthesiologist. Fortunately, in each of these 
instances there was a significant rise in systolic and diastolic pressure with 
temporary occlusion of the ductus. All but 1 of these 24 patients survived. 
The 1 patient (Case 13) died on the eighteenth postoperative day and post- 
mortem examination showed pneunionia. There had been considerable pul- 
monary congestion in spite of the favorable pressure response. Four patients 
(Cases 5, 8, 20, and 22) did not have favorable pressure changes. Three of 
these died and 2 of those who died were found to have other cardiae defects. 
The third died with chronic passive congestion and diffuse necrosis of the 
liver and it is believed that the right heart failed due to a high pulmonary 
resistance. Case 24 is of interest because 13 months after division of the 
ductus following a favorable pressure change on temporary occlusion of the due- 
tus she was found to have a variable systolic murmur and a right ventricular 
apex beat. Her electrocardiogram showed right ventricular hypertrophy. 
She was suspected of having another cardiae defect but on recatheterization 
no abnormality was found other than severe pulmonary hypertension. It is 
interesting that she remains asymptomatic. In none of these cases was a rise 
in the pulmonary pressure with temporary occlusion of the ductus encoun- 
tered. Had such a change been found the ductus probably would not have 
been closed. 


DISCUSSION 


When the pulmonary artery and aortie pressures did not change on 
temporary occlusion of the patent ductus arteriosus, the patients probably 
did not survive because they were subjected to considerable surgical trauma 
without benefit to their hemodynamies. In 1 of the cases it is felt that there 
was a balance between the systemic and pulmonary resistance but in the 
other 3 cases it is felt there was no change because a more significant defect 
was not corrected. Failure of the pressures to change is a strong indication 
to search for other defects and correct them. 

The test of temporary occlusion would be useful in separating the bi- 
directional shunt that has predominant left-to-right shunt from that which 
has predominant right-to-left shunt. Closure of the duetus in the presence 
of the predominant left-to-right shunt will usually be well tolerated while 
closure of the ductus in the latter situation may not be tolerated. The ductus 
is not a safety valve until a shunt is predominantly right-to-left. 

The unusual patient with a right-to-left shunt of a degree such as to 
contraindicate closure of a patent ductus arteriosus should be able to be 
excluded from the group being taken to surgery by a clinical examination 
and eardiae catheterization. Fig. 6 shows a roentgenogram taken during 
cardiae catheterization of such a patient. A calcification of the aorta, pul- 
monary artery, and ductus arteriosus can be seen. The pulmonary artery 
pressure exceeded that in the aorta and the patient was grossly cyanotic. 
This catheterization was carried out in 1953 and it is interesting that she 
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remains essentially unchanged during the 5-year period since then. She con- 
tinues to do limited housework. It seems likely that, when a patient reaches 
this stage in the syndrome, the more significant disease is in the pulmonary 
vessels rather than the ductus. Slowly occluding the ductus with fibrosing 
agents, partial closure of the ductus,” creating a smaller artificial ductus 
prior to closing the large ductus,'® or creating a shunt into the right atrium or 
the distal divided end of the subclavian artery’? are some of the suggestions 
that have been made to facilitate closure of patent ductus with reversed flow. 
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Fig. 6.—Roentgenogram taken at time of cardiac catheterization with the catheter through 
the ductus and down the aorta. Calcification can be seen in the pulmonary artery, ductus, 
and aorta (35-year-old woman with marked cyanosis, was not subjected to surgery). PA 
pressure 144/69 m94; aorta pressure 112/75 m88; O2 saturation was 87 per cent. Right-to- 
left shunt was 1.8 L./min.; left-to-right shunt was 1.4 L./min. 


None of these seem to attack the basie problem of the abnormal pulmonary 
vessels. Phlebotomy and controlled blood loss suggested by Sirak and 
Humphreys" may be helpful in preparing such patients for surgery as well 
as carrying them through the surgery. Lukas, Araujo,-and Steinberg" have 
pointed out that polyeythemia increases the right-to-left shunt because the 
increased viscosity of the blood produces an increased resistance to flow 
through the pulmonary vessels. They point out further that the poly- 
cythemia favors thrombosis in the sclerotic pulmonary arteries, further de- 
creasing their capacity. It is rational to control the polycythemia and with 
this controlled, a few more of the patients might tolerate and be benefited 
by surgical closure of the ductus in the presence of considerable right-to-left 
shunt. 
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CONCLUSIONS 


The diagnosis of patent ductus arteriosus in the presence of pulmonary 
hypertension is more difficult than in the absence of pulmonary hypertension. 
Cardiac catheterization is probably necessary to make the diagnosis and even 
then the demonstration of the patent ductus arteriosus may not establish that 
the ductus is the significant lesion. 

While uncomplicated patent duetus may be closed with almost certain 
good results, the closure of patent ductus in the presence of pulmonary hyper- 
tension carried a higher potential mortality and less prospects of establish- 
ing normality. Surgery is much more urgently needed in the presence of 
pulmonary hypertension because of the probability of progressive changes in 
the pulmonary vascular system. 

The pressure changes on temporary occlusion of the ductus merely indi- 
eate hemodynamic significance of the ductus. The presence of a significant 
left-to-right shunt would be signalled by a favorable response, and the pres- 
ence of an insignificant shunt by no response. A predominantly right-to-left 
shunt would cause a rise in the pulmonary soi pressure on temporary oc- 
clusion of the ductus. 
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DISCUSSION 


DR. HARRIS B. SHUMACKER, Jr., Indianapolis, Ind—I think the subject which 
Dr. Gale has introduced is very timely, since a pessimistic attitude still exists concern- 
ing the surgical possibilities for patients who have pulmonary hypertension associated 
with patent ductus arteriosus. As in the case in his experience, we too do not know 
how many of our patients have had pulmonary hypertension, for in the earlier days not 
only were patients with typical signs of patent ductus not subjected to preoperative 
catheterization, but pressures were also not determined at operation. We have, however, 
had experience with the treatment of 50 patients who had proved hypertension of some 
degree. 

Of these, 19 had mild pulmonary hypertension, with pulmonary artery pressures of 
less than 50 mm. Hg systolic. In this group there was one death, an unfortunate cardiac 
arrest occurring during bronchoscopy carried out postoperatively because of the presence 
of atelectasis. That patients with mild pulmonary hypertension may have a lesion, which 
is by no means innocuous, is illustrated by the first slide which shows the very common 
occurrence of marked cardiomegaly. 

In this group of 50 patients, there were 9 in whom the systolic pressure in the pul- 
monary artery varied between 50 and 60. These patients all did well. 

There remains then a group of 22 patients in whom the pressure was systemic in 
the pulmonary circuit, or nearly so; patients in whom the pulmonary artery pressure was 
in excess of 80 mm. Hg, or 80 per cent of the systemic in cases in which the systemic 
pressure was in a hypotensive range. Unfortunately, we are unable to state how many 
of them had reversal of flow or the extent of reversal of flow in any given case. We do 
know, however, that many of them had systemic pressure in the pulmonary artery and 
that, in at least 2, the flow was predominantly from the pulmonary artery to aorta. In 
1 case this was evident from the clubbing of the fingers of the left hand and both feet, 
and in another instance predominant reversal of flow was demonstrated by angiocardi- 
ography with injection of dye into the pulmonary artery segment. Both these patients 
did well. Incidentally, both had a slight drop in pulmonary artery pressure on clamp- 
ing the ductus, and no decrease in the aortic pressure. In this group of 22 patients with 
marked pulmonary hypertension there were two deaths. One was due to a technical error, 
the only one in the entire group. The other occurred in a patient with systemic pressure 
in the pulmonary artery, who was apparently making an uneventful recovery after divi- 
sion of the ductus when she died suddenly on the fourth day of a cause which could not 
be explained on clinical grounds or from post-mortem study. 

In this group of 50 patients there were 2 who had an unusual difficulty which I would 
like to illustrate with this slide. These patients do not have marked cardiomegaly but 
instead have only moderate cardiac enlargement. They have a large main pulmonary 
artery segment with some enlargement of the proximal portions of the right and left 
pulmonary arteries, but without significant enlargement of the peripheral branches of 
the pulmonary arteries. Apparently in this group, in contrast to the usual case, the 
normal fetal pulmonary resistance persists from the time of birth. The only two deaths 
in this group of 22 with marked pulmonary hypertension were cases of this sort, the only 
two of this kind we have treated surgically. Perhaps this group may prove a more difti- 
cult problem than the other in which we assume that pulmonary vascular sclerosis gradu- 
ally develops as the result of increased flow through the pulmonary circuit. 

We too have felt, particularly since the one tragic operative death to which I 
referred, that every effort should be made to gain control of the parent vessels in oper- 
ating on a patent ductus, and we use the illustrated technique in all cases, no matter 
how simple, isolating the aorta above and below the ductus and, whenever the ductus is 
large and pulmonary hypertension exists, dividing the ductus in stages, suturing both sides 
as the division is completed. 

I do not know whether in cases of very long-standing patent ductus with reversal 
“f flow, the patient will subsequently undergo improvement in the pulmonary vascular 
sclerosis, but I do know that this does occur in some children. It would be my feeling 
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that no patient should be considered categorically inoperable because of evidence of 
systemic pressure in the pulmonary circuit nor reversal of flow. It would be my feeling 
that any such patient should be explored. At operation a favorable pressure response may 
be demonstrated, as occurred in some of our patients and, if not, I would certainly be 
in favor of providing the patient with a smaller shunt and taking down the larger natural 
one, a mechanism of handling the problem which Dr. Muller and Dr. Kattus suggested 
some years ago. 


DR. WILLIS J. POTTS, Chicago, Ill.—In keeping with the President’s address 
which included some reference to word derivations, I would like to say something about 
the word “ductus.” The plural of ductus is ductus. Those of you who were exposed 
to Latin will remember the fourth declension—the key word in my book was fructus. 
Duetus belongs in the same category and we properly speak of one ductus or a hundred 
duetus. It sounds a bit unfamiliar but that’s the way it is to those who take their Latin 
seriously. 

Pulmonary hypertension as a complication of patent ductus is a serious problem. 
Our experience parallels that of the speaker. Interestingly enough, if at operation the 
pulmonary pressure drops a little, as much as 10 mm. Hg, when the ductus is clamped, 
the child will do well after division and suture. On the contrary, if pulmonary pressure 
goes up as much as 10 mm. Hg when the ductus is clamped, results after division and 
suture will be bad. : 

We have operated upon a number of children with increased pulmonary pressure 
but in only 5 did the pressure go up in the pulmonary artery when the ductus was clamped. 
The ages of these children varied from 4 to 12 years. Knowing that the future of a child 
with severe hypertension is rather hopeless we divided the ductus in all 5 patients. Our 
hopes that reversal of pressure might occur because of the age of our patients were not 
realized. Two died suddenly, one 6 months, the other 2 years after surgery. Two are 
cardiac cripples in and out of decompensation and constantly on digitalis. The fifth 
child, aged 12 years, had equal systemic and pulmonary pressure and died on the oper- 
ating table of hemorrhage. The pulmonary artery was 2.5 inches—not centimeters—in 
diameter, the ductus approximately 15 mm. in diameter. I put a clamp on the ductus 
and shortly thereafter the pulmonary artery ruptured. That was a mistake. What I 
should have done was exactly what was suggested today—an aortic clamp (Potts-Smith) 
should have been placed around the aorta to occlude the aortic end of the ductus close 
to the aortic wall. A ductus clamp then could have been placed on the pulmonary end 
of the ductus without causing tension and rupture. We pay so dearly for our mistakes. 

Incidentally, this has been our only operative or hospital death in 495 cases of 
surgical occlusion of patent ductus. When a discussion of mortality comes up I note 
in the surgical staff an ill-concealed look of satisfaction that this lone catastrophe should 
have happened to me. 


DR. YOUNG (Closing).—I want to thank Dr. Shumacker and Dr. Potts for their 
remarks. We have felt that the patients who died after their ductus were closed, and 
they had no change in pressures on occlusion of their ductus, died because the lesions 
corrected were not hemodynamically significant. Two of these patients had septal de- 
fects in addition to the ductus. The significant lesions probably were left uncorrected. 

Our catheterization laboratory has found only 1 patient with patent ductus arterio- 
sus and a marked reversal of flow. She was not subjected to surgery. 

This slide shows an indicator dilution curve with evidence of a right-to-left shunt. 
The interrupted slope of the initial deflection in the cuvette recording from the femoral 
artery is due to the right-to-left shunt. 

With control of polycythemia, and then repeating cardiac catheterization, a few 
more patients might be benefited by closure of the ductus, when they had predominantly 
right-to-left shunts prior to control of the polycythemia. 
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ANEURYSMS OF THE THORACIC AORTA 


Analysis of 179 Patients Treated by Resection 


Michael E. DeBakey, M.D., Denton A. Cooley, M.D., E. Stanley Crawford, 
M.D. (by invitation), and George C. Morris, Jr., M.D. (by invitation), 
Houston, Texas 


be the 7-year period since our first successful resection of an aneurysm 
of the thoracic aorta, this method of therapy has been employed in 179 
cases. This report is concerned with certain observations derived from an 
analysis of this experience, particularly in relation to methods of reseetion 
and to factors bearing upon risk of operation. Although the underlying prin- 
ciple of therapy consisting essentially in excision of the aneurysm is similar 
for all cases, the method of its application varies in accordance with the type 
and location of the lesion, Accordingly, the cases are classified into four cate- 
gories, namely, aneurysms of the descending thoracic aorta, aneurysms of the 
aortic arch, thoracoabdominal aneurysms, and dissecting aneurysms. 


ANEURYSMS OF THE DESCENDING THORACIC AORTA 


This group, comprising 73 cases, represents the largest in the series and 
reflects the relative frequeney of involvement of this segment of thoracic 
aorta. The great majority of these aneurysms were fusiform in character, 
varying in size from relatively small, well-localized lesions to large, extensive 
aneurysms that involved virtually the entire descending thoracie aorta (Figs. 
land 2). Their site of involvement was also variable, although approximately 
90 per cent were located in the proximal portion of the descending thoracic 
aorta. Contrary to earlier reports that syphilis is the most common etiological 
faetor for aneurysms of the thoracie aorta, in this series arteriosclerosis was 
the most common cause and syphilis was second in frequeney, the respective 
incidences being 47 per cent and 32 per cent (Table I). 

The age of these patients ranged from 10 months to 70 years, but most 
of them, 83 per cent, were in the fifth to seventh decades. The male sex was 
predominant in a ratio of about 3 to 1. 


From the Cora and Webb Mading Department of Surgery, Baylor University College of 
Medicine, and the surgical services of the Jefferson Davis, Methodist, and Veterans Administra- 
tion Hospitals, Houston, Texas. 

Supported in part by the U. S. Public Health Service under Grant H-3137 and by the 
Houston Heart Association. 

Read at the Thirty-eighth Annual alae of The American Association for Thoracic 
Surgery at Boston, Mass., May 16-18, 195 
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In the application of excisional therapy for aneurysms located in this 
portion of the aorta, the most important consideration stems from the neces- 
sity for temporary arrest of aortic circulation through the segment to be re- 
sected and the consequent effect of increased vascular resistance upon the 


Fig. 1.—A, Roentgenogram of chest showing rounded shadow, outlined by peripheral rim 
of calcification, projecting into left lung field from mid-mediastinal region representing trau- 
matic aneurysm of proximal segment of descending thoracic aorta. The esophagus which is 
demonstrated by swallowed barium is displaced to right by aneurysm. 

B, Angiocardiogram of same patient showing precise location and extent of aneurysm. 
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heart and ischemic damage upon the spinal cord. Accordingly, control of 
these factors, and particularly prevention of spinal cord damage, assumes con- 
siderable significance. This may be achieved by several methods, including 
hypothermia, which in our early experience was the primary means used for 


C. 


Fig. 1.—Cont’d. C, Photograph of same patient made at operation showing characteristiv 
gross appearance of traumatic fusiform aneurysm of proximal portion of descending thoracic 
aorta following its mobilization from surrounding structures with umbilical tapes encircling 
aorta above (at right) and below aneurysm. 

D, Photograph in same patient made at operation showing completed replacement of re- 
sected Segment of aorta and aneurysm with knitted, crimped Dacron “graft.” 


TABLE I. FUSIFORM ANEURYSMS OF DESCENDING THORACIC AORTA 
MORTALITY ACCORDING TO ETIOLOGY 


DEATHS 
ETIOLOGY NO. CASES NO. CASES PER CENT 
Arteriosclerosis 34 12 35 
Syphilis 23 4 17 
Trauma 9 0 0 
Undetermined 7 1 14 
Total 17 
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this purpose. Although in general, hypothermia was found to be effective in 
preventing neurological sequelae, it was associated with certain well-recog- 
nized disadvantages indicating the need for a better method. This led to 
the development of the method of controlled extracorporeal circulation con- 
sisting essentially in the use of a pump-bypass in which oxygenated blood is 


Fig. 2.—A, Roentgenogram of chest of 59-year-old white male patient showing large oval 
shadow projecting from mediastinum into left lung field, representing extensive arteriosclerotic 
fusiform aneurysm involving virtually entire descending thoracic aorta. 

B, Angiocardiogram in same patient showing aneurysm arising just distal to left sub- 
clavian artery and extending down to involve distal portion of descending thoracic aorta with 
pronounced elongation and kinking of aorta. 
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Fig. 2.—Cont’d. C, Photograph of sagittal section of specimen removed at operation in 


same case showing gross pathologic features of arteriosclerotic fusiform aneurysm. Specimen 
is shown in two parts because its removal at operation was facilitated by dividing it in this 
manner. 


D, Photograph made at operation in same patient showing completed replacement of re- 
sected segment of aorta and aneurysm with Dacron graft (proximal anastomosis is to right). 
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removed from the left auricle and pumped into the aorta distal to the oe- 
eluding clamps through a plastic cannula inserted upward into the left 
femoral artery’ (Fig. 3). Immediately before insertion of these cannulas, 
heparin (1.0 mg./Kg. body weight) is administered intravenously and, after 
completing the procedure of resection and graft replacement, a counteracting 
dose of protamine sulfate is administered. During the period of occlusion 
the rate of flow is adjusted from time to time to maintain blood pressure in 
the arm approximately 10 to 20 mm. Hg above normal systolic pressure. In 


Fig. 3.—Drawing illustrating operative procedure of resecticn of fusiform aneurysm of 
descending thoracic aorta using method of controlled extracorporeal circulation to combat 
ischemic effects of temporary arrest of aortic circulation during performance of procedure. 
Oxygenated blood is removed from left auricle by means of plastic catheter inserted through 
— and pumped into distal aorta through catheter inserted into left common femoral 
artery. 
general it was found that on this basis flow rates ranging from about 1,200 to 
2,500 ¢.c. per minute were provided. While optimum rates of flow have not 
been well established, our studies on renal function would suggest that it is 
desirable to provide sufficient volume of flow in the distal aortic segment to 
maintain pressure at or above 32 mm. Hg, since demonstrable renal function 
disappears below this level.'* Such levels of pressure may be obtained in 
most instances by flow rates above 20 ¢.e. per kilogram of body weight. 

This method was found to be more satisfactory than those previously 
employed and for this reason it has been applied in the last 36 cases in this 
series. This conviction is supported by a comparison of the results obtained 
in this group of cases with those in the earlier series of 37 cases in which other 
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methods, including hypothermia, were employed. Thus, the mortality was 
reduced from 27 per cent in the earlier series of 37 cases to 19 per cent in 
the more recent series of 36-cases. In both series of eases, however, there were 
2 patients in whom some manifestations of spinal cord damage occurred. 
The occurrence of the neurological disturbances in these 4 patients remains 
a rather puzzling phenomenon. This is particularly true for the 2 patients 
in the more recent series since the extent of segment resected, the period of 
ocelusion, and the pump bypass flow rates were not significantly different 
from the other cases in which no neurological disturbances occurred. To add 
further to the difficulty of explaining this phenomenon is the fact that no 
such neurological disturbances occurred in 1 patient in this group in whom 
resection and graft replacement was performed for a fusiform aneurysm of 
the proximal segment of the descending aorta under normothermie conditions 
and without pump-bypass. In this case, the aneurysm ruptured during the 
initial dissection and it became urgently necessary to apply occluding clamps 
to the aorta proximal and distal to the aneurysm. Despite the fact that the 
aorta was occluded at this high level for 32 minutes, the patient recovered 
without any neurological disturbances. It would, thus, appear that con- 
siderable variations exist in tolerance of the spinal cord to temporary aortic 
ocelusion and that a number of factors play a role in this phenomenon, in- 
cluding variations in the anatomic pattern and segmental distribution of 
spinal arteries, development of collateral circulation, as well as measures to 
combat temporary interruption of blood supply to the cord. 

Results of excisional therapy for this type of aortic aneurysm have been 
increasingly gratifying as exemplified by the progressive decrease in operative 
mortality rate from 27 per cent in our early experience to 19 per cent in our 
most recent experience. This observation lends support to the conviction 
that improvements in the surgical management of these patients, as well as 
in the actual technical performance of the operation derived from increasing 
experience, should permit further reduction in the risk. The significance of 
certain factors in relation to the mortality is illustrated by further analysis 
of our experience. Among these factors, advancing age, etiology, hyperten- 
sion, and pre-existing heart disease are particularly significant. The fatality 
rate, for example, in patients in the seventh and eighth decades of life was 
more than 2 to 3 times greater than that of younger patients (Graph I). The 
significance of etiology is demonstrated by the fact that the mortality among 
patients with aneurysms of arteriosclerotic origin was more than twice that of 
patients with aneurysms of other causes (Table 1). To some extent this may 
be attributable to the fact that the patients with arterioselerotie aneurysms 
were older than the others. The importance of hypertension is demonstrated 
by the fact that the risk in this group of patients was two times greater than 
that in the normotensive series (Table II). Similarly the mortality rate in 
patients with pre-existing heart disease was almost four times greater than 
‘hat in patients without heart disease (Graph II). The importance of this 
‘actor is further emphasized by the fact that, among the 17 operative deaths, 
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TABLE II. FUSIFORM ANEURYSMS OF DESCENDING THORACIC AORTA 
MORTALITY ACCORDING TO BLOOD PRESSURE 


DEATHS 


BLOOD PRESSURE NO. CASES NO. CASES PER CENT 
149/89 or less 39 6 15 
150/90 or more 34 11 32 


73 17 23 


Total 


FUSIFORM ANEURYSMS 
OF DESCENDING THORACIC AORTA 
MORTALITY ACCORDING TO AGE 


45 % 


PER CENT 


50-59 
AGE 


Graph I. 


FUSIFORM ANEURYSMS 
OF DESCENDING THORACIC AORTA 
MORTALITY ACCORDING TO ASSOCIATED 

HEART DISEASE ‘ 


43 % 


PER CENT 


+> No. Deaths 
No. Cases 


HEART DISEASE 
ABSENT 


HEART DISEASE 
PRESENT 


Graph IT. 


heart failure, mostly in the form of coronary thrombosis, was the most com- 
mon cause, accounting for 9 fatalities. Among the remaining operative deaths, 
2 were attributable to shock, 2 were caused by subsequent rupture of the 
homograft, 1 to pre-existing septicemia, 1 to massive upper gastrointestinal 
hemorrhage, and 2 to complications of an associated aneurysm of the abdomi- 
nal aorta. In one of these latter cases in which the operation was performed 
under hypothermia, it was noted immediately following completion of the 
resection of the thoracic aneurysm that all pulses in the lower extremity were 
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Fig. 4.—A, Preoperative roentgenogram of chest in a 50-year-old Negro man_ showing 
extensive syphilitic fusiform aneurysm of descending thoracic aorta (case report on this patient 
was previously presented’). 

B, Roentgenogram of chest in same patient made approximately 5 years after operation 
consisting of resection and homograft replacement of aneurysm. Patient has remained well 
and resumed completely normal activities. 


C, Angiocardiogram in same patient made approximately 5 years after operation showing. 
relatively normal outline of descending thoracic aorta. 
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absent and a saddle embolus of the aortic bifureation was suspected. Immedi- 
ate abdominal exploration revealed, however, the presence of a small fusiform 
aneurysm of the abdominal aorta which had become completely occluded by 
thrombus, presumably formed during the period of thoracic aortic occlusion. 
It was resected and replaced by a homograft and, although circulation was 
restored in the lower extremities, the patient died of renal failure and uremia 
on the eighth postoperative day. In the other ease, the associated aneurysm 
of the abdominal aorta was diagnosed preoperatively and resection of the 
aneurysm of the thoracic aorta was performed first. Although the patient’s 
immediate postoperative course was satisfactory, acute rupture of the aneu- 
rysm of the abdominal aorta occurred 36 hours later causing rapid death. Of 
further interest in this connection is the fact that there were 4 other pa- 
tients in this series who also had an associated aneurysm of the abdominal 
aorta which was successfully resected at a previous operation. 

Follow-up observations on all the surviving patients in this group extend- 
ing for periods ranging from several months to over 5 years provide highly 
gratifying results. With few exceptions there has been complete relief of 
symptoms and resumption of normal activities. Of particular interest is the 
facet that the first 2 patients in this series, in whom operation was performed 
approximately 5 years ago, have remained well and working.*:** An angio- 
cardiogram performed recently in 1 of these patients whose case report ap- 
peared in a previous publication? reveals a relatively normal outline of the 
descending thoracic aorta (Fig. 4). There have been 8 late deaths in this 
group occurring from a few months fo about 114 years after operation. Three 
of these deaths were due to heart disease, 1 to cerebrovascular thrombosis, 
1 to pneumonia, and 3 to complications of the graft replacement. Among this 
latter group, 2 were due to aneurysm formation and rupture of the homograft, 
one 5 months and the other 7 months after operation. In the third ease, 
Ivalon was used as the graft replacement and death oceurred 3 months after 
operation from infection, mediastinal abscess, and secondary hemorrhage. 
In this connection, it may be significant that none of these graft replacement 
complications have been encountered since we have employed the crimped, 
knitted Dacron arterial replacement. 


ANEURYSMS OF THE AORTIC ARCH 


This group, comprising 50 cases, represents the most serious form of 
aortic aneurysm not only because of the gravity of this disease but also be- 
cause of the inherent difficulties involved in the application of excisional 
therapy. Syphilis was the predominant etiological factor, being present in 
35 eases while, in the remainder, the underlying cause was considered to be 
arteriosclerosis in 10, trauma in 3, and undetermined in 2 (Table III). The 
ratio of males to females was 4 to 1 and the majority of the patients were 
in the sixth and seventh decades of life. Although 26 cases were sacciform 
in type and 24 fusiform, in both instances there was considerable variation 
in size from relatively small, well-localized lesions to large extensive aneu- 
rysms involving virtually the entire arch (Figs. 5, 6, 7, 8). . 
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TABLE III. ANEURYSMS OF AORTIC ARCH 
MORTALITY ACCORDING TO ETIOLOGY 


DEATHS 

ETIOLOGY NO. CASES NO. CASES PER CENT 
Syphilis 35 19 
Arteriosclerosis 10 


Trauma 3 
Undetermined 2 


Total 50 


B. 


Fig. 5.—A, Roentgenogram of chest of patient showing large shadow projecting into right 
lung field, representing extensive sacciform aneurysm with relatively narrow neck arising 
from ascending aorta as depicted in diagram on right. B, Angiocardiogram in same patient 
showing, by means of radiopaque dye, precise location of neck of sacciform aneurysm arising 
te ee aorta. As indicated by diagram on right, most of lumen of sac is filled with 
thrombus, 
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Several methods of excisional therapy may be employed for this group 
of aneurysms depending upon the location and nature of the lesion. In cer- 
tain forms of sacciform aneurysms, for example, in which the neck of the sae 
is relatively small, the procedure of tangential excision and aortorrhaphy 
may be the most satisfactory’ (Fig. 5C). Even in cases in which the sac it- 
self is quite large and extensive, this procedure may be effectively applied 
so long as the neck is relatively narrow and involves less than half the cireum- 
ference of the aorta (Fig. 5). In fusiform aneurysms, however, or in sacci- 
form aneurysms in which the neck of the sae encroaches upon a considerable 
segment of the aortic circumference, extirpational therapy requires resec- 
tion of the entire segment of the diseased aorta with graft replacement (Fig. 
6). The necessity for temporary arrest of aortic circulation in the perform- 
anee of this procedure imposes serious problems. For one thing, arrest of 
circulation at this level interrupts cerebral blood flow which, even after a few 
minutes, can produce fatal ischemic damage to the central nervous system. 


Fig. 5.—Cont’d. C, Drawing illustrating procedure of tangential resection and aortorrhaphy 
which was successfully performed in this patient. 
For another, occlusion of the ascending aorta rapidly imposes such a serious 
strain upon the left ventricle that acute cardiae failure may ensue. To over- 
come these problems, several methods may be employed depending upon the 
location of the lesion. Thus, for aneurysms involving the transverse arch or 
the distal portion of the ascending aorta the use of temporary shunts is 
considered the procedure of choice (Figs. 7 and 8). In such eases in which 
the proximal portion of the ascending aorta is uninvolved, it is possible to 
apply the shunt proximal and distal to the lesion by end-to-side anastomosis, 
using a partial occlusion clamp on the aorta and thus to perform the proce- 
dure without interruption of circulation at any time (Figs. 7 and 8). In 
our early experience with this bypass principle, the materials used for this 
purpose were of such nature as to permit their application as temporary shurts 
only, and following the procedure of resection and graft replacement they 
were removed. ® More recently, however, with the development of the 
crimped Dacron tube, it has become possible to employ this bypass principle 
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Fig. 6.—A, Roentgenogram of chest showing rounded shadow in upper left mediastinum 
representing sacciform aneurysm of proximal segment of descending thoracic aorta. 

B, Angiocardiogram in same patient showing precise location and intraluminal dimensions 
of sacciform aneurysm. 

C, Photograph made at operation in same patient showing gross appearance and anatomic 
relationship of sacciform aneurysm of descending limb of aortic arch. 

D, Photograph of excised segment of aorta involved by the aneurysm. 

E, Photograph made at operation in same patient showing completed replacement with 
Dacron “graft.” (This is one of 4 patients with aneurysms of the thoracic aorta in this series 
who also had successful resection of an aneurysm of the abdominal aorta.) 
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in a manner that permits its application both as a temporary and a permanent 
shunt (Figs. 7 and 8). This is a distinct advantage in reducing the extent 
of the surgical procedure and the hazards of the operation. 

In cases in which the aneurysm involves the proximal portion of the 
ascending aorta excisional therapy requires the use of the cardiopulmonary 


Fig. 7.—A, Roentgenogram of chest showing rounded shadow projecting from mediasti- 
num into left lung fleld representing fusiform aneurysm of transverse arch of aorta. 

B, Angiocardiogram showing extent and location of aneurysm. 

C, Photograph made at operation showing extent and location of aneurysm involving 
transverse arch between (/) left common carotid artery and (2) descending limb of aortic 
arch. 
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bypass method by means of an artificial heart-lung apparatus (Fig. 9). De- 
tails concerning the application of this method have been described in previ- 
ous reports.* 1° 


7.—Cont’d. D, Drawing showing method of temporary bypass from ascending to 


Fig. 
descending aorta employed for resection of this type of aneurysm. 

E, Photograph made at operation showing completed procedure of resection with re- 
placement by Dacron graft including anastomosis to left subclavian artery and use of bypass 
Dacron graft from ascending aorta to descending limb of aortic arch. 


Analysis of results of operation in this group of aneurysms reveals a 
number of factors having a significant bearing upon the operative risk, in- 
eluding particularly the type and location of the aneurysm, age, and the 
method of excisional therapy. Aneurysms of arteriosclerotie origin, for ex- 
ample, were associated with a considerably higher operative mortality than 
other types of lesions, owing probably to the fact that these patients were 
more advanced in age and were more likely to have associated heart disease 
(Table IV). The importance of the type and extent of the aneurysm is demon- 
strated by the fact that the operative mortality in fusiform aneurysms was 
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Fig. 8.—A, Roentgenogram of chest showing supracardiac mediastinal shadow represent- 
ing extensive fusiform aneurysms of aortic arch. 

B, Angiocardiogram of same patient showing precise location of aneurysms involving 
distal part of ascending aorta and transverse arch as indicated in drawing on right. 
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75 per cent, whereas among sacciform aneurysms it was only 28 per cent. 
The significance of age is indicated by the fact that among the 16 patients 
in the seventh decade of life the operative mortality was 75 per cent, where- 
as among the remaining patients below this age it was 47 per cent. 
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Fig. 8.—Cont’d. C, Drawings illustrating method of resection and ~~ replacement using 
t 


method of temporary bypass subsequently converted into permanent graft. 
D, Photograph made at operation showing completed procedure. 


TABLE IV. DISSECTING ANEURYSMS OF THORACIC AORTA 
MORTALITY ACCORDING TO AGE 


DEATHS 


NO. CASES 
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Although the total mortality of 56 per cent in this group of patients is 
relatively high, it must be evaluated against the background of the extreme 
gravity of the natural course of this disease. Moreover, there is reason to 
believe that with increasing experience in the surgical management and with 
technical improvements in the performance of the operation, the operative 
risk should be steadily reduced. Among the surviving patients, the results 
have been highly gratifying with complete relief of symptoms and restoration 
of normal activity. 


Fig. 9.—Drawing showing method of resection and graft replacement for fusiform 
aneurysms involving proximal part of ascending aorta using cardiopulmonary bypass by 
means of artificial heart-lung apparatus. 


THORACOABDOMINAL ANEURYSMS 


Aneurysms located in this segment of the aorta derive significance from 
the fact that they involve the principal vessels to the abdominal viscera (Fig. 
10). Aeeordingly, excisional therapy of these lesions is associated with 
considerable danger of producing fatal ischemic damage to such vital struc- 
tures as the liver, kidneys, and gastrointestinal tract, as a consequence of 
temporary arrest of blood flow to these organs during the period of resec- 
tion and graft replacement. 

Syphilis was the predominant cause of this group of aneurysms, being 
present in 15 of the 22 cases. Among the remainder there were 3 of arteriosele- 
rotic, 2 of traumatic, and 2 of congenital origins. All but 2 of the cases were 
males, and most of the patients were in the fifth, sixth, and seventh decades 
of life. 
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As previously indicated, the most important consideration in extirpation 
of aneurysms of this type arises from the potential ischemic damage to the 
abdominal viscera as a consequence of temporary arrest of cireulation during 
performance of the procedure."' Moreover, there is reason to believe that 
the kidneys represent the most sensitive abdominal organs to ischemia. To 
overcome this problem, several methods may be employed, including hypo- 
thermia, controlled extracorporeal circulation, and temporary shunts. The 


Fig. 10.—Aortogram showing fusiform aneurysm arising in distal segment of descending 
thoracic aorta and extending down to involve upper segment of abdominal aorta including 
celiac, superior mesenteric, and renal arteries. 


latter 2 methods were found to be satisfactory in achieving this objective 
and have been described in previous reports.* '! More recently, still another 
method has been developed which is considered to have additional advantages 
(Mig. 11). This method was made possible through the use of our crimped, 
knitted Dacron tube which permits conversion of the temporary shunt into 
the permanent graft. 

In the application of this method, the Dacron tube, which is provided 
with branches for the celiac, superior mesenteric, and renal arteries, is at- 
tiched by end-to-side anastomosis using partial tangential occlusion clamps 
t» the descending thoracic aorta immediately above the aneurysm and by 
eid-to-end anastomosis to the abdominal aorta below the aneurysm (Fig. 11, @). 
The left renal artery is then detached from its aortic origin and the distal 
eid is sutured by end-to-end anastomosis to the corresponding branch on 
tie Daeron tube (Fig. 11, b). Following completion of these procedures 
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the occlusion clamps are released, permitting blood flow through the Dacron 
tube to the left renal artery and the abdominal aorta distally. By this means 
circulation to the left kidney is arrested for a period of about 10 or 15 min- 
utes. Cireulation through the aneurysm is then arrested by applying occlud- 
ing clamps to the celiac, superior mesenteric, and right renal artery, as well 


Fig. 11.—Drawing showing method of resection and graft replacement in thoracoabdomi- 
nal aneurysms using crimped, knitted Dacron tube which permits conversion of the temporary 
shunt into permanent graft. : 

a, Dacron tube is attached to descending thoracic aorta above aneurysm by end-to-side 
anastomosis and to abdominal aorta below aneurysm by end-to-end anas.omosis. 

b, Left renal artery is attached to corresponding branch on Dacron tube by end-to-end 
anastomosis and blood flow restored to left kidney. Occluding clamps are then applied to re- 
maining visceral branches and to aorta above aneurysm but below proximal end-to-side an- 
astomosis of Dacron tube, and aneurysm is excised. 

c, End-to-end anastomosis is then performed between respective branches of Dacron tube 
and right renal, superior mesenteric, and celiac arteries, in that order, with restoration of 
circulation following completion of each anastomosis. Procedure is completed by suture 
—" of distal end of thoracic aorta immediately below end-to-side anastomosis of Dacron 
tube. 


Fig. 12.—Photograph made at operation showing completed replacement of excised seg- 
ment of thoracoabdominal aorta and aneurysm with Dacron tube, including branches to (1) 
celiac, (2) superior mesenteric, (3) left renal, and (4) right renal arteries. 
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as to the aorta above and below the aneurysm. After excising the aneurysm, 
end-to-end anastomoses of the right renal, superior mesenteric, and celiac 
arteries are performed in that order to the respective branches on the Dacron 
tube. After completion of each of these anastomoses, circulation is restored 
by releasing the occluding clamp on the corresponding branch of the Dacron 
tube. In this manner the period of ischemia to the right kidney should be 
less than 25 or 30 minutes and to the other arteries about 45 to 50 minutes 
which, according to our experience, is well within the safe period of tolerance 
of these organs to anoxia. The Dacron tube which has been serving as a 
temporary shunt is now converted into a permanent graft by suture closure 
of the thoracic aortic end just below the end-to-side anastomosis of the 
Daeron tube (Figs, 11 and 12). 
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Graph III. 


In this series of 22 cases there were 8 operative deaths, 4 of which were 
eaused by heart failure, 1 by renal failure, and 3 by the development of a 
bleeding syndrome. The significance of age upon operative mortality is well 
demonstrated by the fact that three fourths of the deaths occurred in patients 
over 60 years of age (Graph III). The results among the patients who sur- 
vived operation have been highly gratifying. Follow-up observations ex- 
tending over periods ranging up to 214 years reveal maintenance of normal 
activities. 


DISSECTING ANEURYSMS OF THE AORTA 


This type of aneurysm represents one of the most serious forms of aortic 
disease and one of the most challenging problems in the application of 
surgical treatment, for several reasons. For one thing, the lesion is usually 
not well localized and often extends throughout the aorta. For another, the 
general condition of these patients is usually worse than that of others with 
aortic aneurysms owing presumably to the more acute development of the 
disease and the frequent association of hypertension and other manifestations 
of eardiovaseular, renal, and respiratory disturbances. This is clearly re- 
flected by studies of the natural course of the disease which have demonstrated 
its rapidly fatal termination in over 75 per cent of cases.” 
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The methods of surgical treatment for this disease have been reported 
in a previous publication? and have now been employed in 34 cases. The 
majority of these patients were in the fifth to seventh decades of life and 
all but 8 were males (Table IV). Moderate to severe hypertension was present 
in about 70 per cent of cases. Contrary to previous reports,'® 1 most of 
which have been based upon necropsy studies, indicating that the diseases usu- 
ally involve the aortie arch, only 4 cases in our series were of this type. The 
dissecting process in all the others arose in the proximal segment of the de- 
seending thoracic aorta. This discrepancy in the location of the lesion in our 
surgical cases and in the studies of others based upon necropsy material 
may be explained by the fact that dissecting aneurysms arising in the ascend- 
ing aorta are more likely to have a rapidly fatal course. On the other hand, 
lesions arising in the descending thoracic aorta tend to have a subacute course 
and thus to permit more time for diagnosis and treatment. In any event, 
this is a fortunate pathologie feature of the latter group of cases since, as 
indieated below, it permits application of a more effective form of surgical 
treatment. 

In general, two types of surgical procedure were employed in this series 
of eases depending upon the nature of the lesion. Thus, in cases in which 
the dissecting process begins in the ascending aorta, the procedure consists 
in the creation of a re-entry passage into the true aortic lumen above with 
obliteration of the false passage below. This is accomplished by complete 
transection of the descending thoracic aorta between occluding clamps, ex- 
cising a small segment from the inner wall above to produce re-entry of the 
outer lumen, approximation of the outer and inner layers below with a 
continuous suture, and then performance of an end-to-end anastomosis. As 
indicated previously, this procedure is obviously not curative; its essential 
objective is to produce re-entry of the false passage into the normal lumen as 
close to the point of origin of the dissection as may be feasible in order to 
diminish the likelihood of rupture above and to restore normal aortie cireu- 
lation below. Among the 4 cases in this series in which this type of proce- 
dure was used, there were 2 deaths, 1 from rupture of the dissecting aneu- 
rysm into the pericardium and the other from heart failure. 

For lesions arising in the descending thoracic aorta, usually just below 
the level of the left subclavian artery, a more curative type of procedure 
may be employed (Fig. 13). This is accomplished by excision of the segment 
involved in the origin of the dissecting process with graft replacement. In 
some eases in which the lesion is well localized to the descending thoracic 
aorta, complete resection of the dissecting aneurysm is possible. In other 
cases in which the dissecting process extends down into the abdominal aorta, 
the proximal portion involved in the origin of the dissection is excised, the 
false passage below is obliterated by suture of the inner and outer wall, and 
aortic continuity restored by graft replacement (Fig. 14). In the perform- 
ance of this procedure, like that for fusiform aneurysms of the descending 
thoracie aorta, some method must be employed to combat the ischemie effects 
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of temporary arrest of aortie circulation. Although hypothermia was origin- 
ally used for this purpose, more recently we have preferred the method of 
controlled extracorporeal circulation, as described above, for resection of 
fusiform aneurysms of the descending thoracic aorta for similar reasons. 
This latter method of surgical treatment for dissecting aneurysms was 
employed in 30 cases in this series with 8 deaths, 4 of which were caused by 
heart failure and coronary thrombosis, 2 by development of proximal dis- 
section and rupture into the pericardium, 1 by pulmonary embolism, and 1 


Fig. 13.—Drawing showing method of surgical treatment of dissecting aneurysms of 
aorta using controlled extracorporeal circulation to provide blood flow into aorta distal to site 
of application of occluding clamps. After excising segment of dissecting aneurysmal process 
above its origin, the false lumen in the distal end is obliterated by sewing outer and inner 
walls together with continuous suture. Anastomosis of graft to upper aortic opening is done 
by continuous suture with 4-0 arterial silk. Anastomosis of graft to lower opening in aorta 
with restoration of aortic continuity is then performed. 


by ventricular fibrillation during hypothermia. Contrary to other forms 
of aortic aneurysms, age did not seem to play a significant role in the mor- 
tality in dissecting aneurysms (Table IV). Hypertension, however, was 
found to be highly significant in this regard since there were no deaths in 
patients considered to be normotensive (Table V). 


TABLE V. DISSECTING ANEURYSMS OF THORACIC AORTA 
MORTALITY ACCORDING TO BLOOD PRESSURE 


DEATHS 
BLOOD PRESSURE NO. CASES F NO. CASES PER CENT 


149/89 or less 10 0 0 
150/90 or more 24 10 41 


Total 34 10 29 


— } 
IN 


416 DE BAKEY, COOLEY, CRAWFORD, MORRIS J. Thoracic Surg. 
September, 1958 


With few exceptions, the results obtained in the patients surviving oper- 
ation have been highly gratifying. Follow-up observations extending up to 
314 years after operation reveal that most of the patients have been able to 
resume normal activities. There were 2 patients with residual partial para- 
plegia and 1 late death in this group (occurring about 7 months after opera- 
tion) from severe uncontrolled hypertension. Subsequent aortographie studies 
in some eases revealed a relatively normal outline of the descending thoracic 


aorta (ig. 14). 
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Fig. 14.—A, Roentgenograms of chest of patient with dissecting aneurysm of aorta 
showing, in anteroposterior projection, characteristic widening of supracardiac mediastinal 
shadow with relative radiolucency in its more peripheral part and, in lateral projection, ex- 
tensive involvement of descending thoracic aorta. 

B, Angiocardiogram of same patient showing characteristic double aortic lumen produced 
by relative difference in concentration of dye in true and false aortic lumens as depicted in 


diagram on right. 
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Fig. 14.—Cont’d. C, Photograph of sagittal section of resected segment of dissecting 
aneurysm in same patient showing gross pathologic features of lesion with arrow pointing to 


intimal tear through which true lumen communicated with false lumen. Lower end of photo- 
graph shows cross-sectional view of specimen demonstrating characteristic double-barreled 
aorta with smaller true lumen and larger false lumen produced by dissection. 


D, Photograph made at operation in same patient showing completed replacement of 
segment of aorta and dissecting aneurysm with Dacron graft. 


E. 


Fig. 14.—Cont’d. EH, Angiocardiogram in same patient made approximately 7 months 
after operation showing relatively normal outline of thoracic aorta. Patient has been complete- 
ly relieved and has resumed normal activities. 
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SUMMARY 


1. Observations concerning methods and risk of operation are presented 
from an analysis of 179 cases of aneurysm of the thoracic aorta treated by 
resection, The cases are classified into 4 groups: (1) aneurysms of the de- 
seending thoracic aorta, (2) aneurysms of the aortic arch, (3) thoracoabdomi- 
nal aneurysms, and (4) dissecting aneurysms. 

2. Group 1, comprising 73 cases, represents the largest series and reflects 
the relative frequency of involvement of this segment. In the application 
of excisional therapy, the most important consideration stems from the neces- 
sity for temporary arrest of aortie circulation through the segment to be re- 
sected and the consequent effect of increased vascular resistance upon the 
heart and ischemic damage upon the spina! cord. Hypothermia was for some 
time the primary means used for prevention of neurological sequelae but was 
associated with certain disadvantages. Consequently, a method of controlled 
extracorporeal circulation was developed consisting of a pump-bypass in 
which oxygenated blood is removed from the left auricle and pumped into 
the aorta distal to the occluding clamps through a plastic cannula inserted 
upward into the left femoral artery. This method has been applied in the 
last 36 cases in this series and the mortality has been redueed from 27 per 
cent in the earlier series of 37 cases to 19 per cent in this more recent series. 
Owing to the fact that, in each series, 2 patients suffered some degree of 
neurological disturbance unexplainable by any variable in method or con- 
dition of the patient, the authors conclude that considerable variations exist 
in tolerance of the spinal cord to temporary aortic occlusion. Certain factors, 
such as age, etiology, hypertension, and pre-existing heart disease, are signifi- 
cant in the mortality rate. Follow-up observations extending for periods 
ranging from several months to over 5 years provide highly gratifying re- 
sults, revealing with few exceptions complete relief of symptoms and resump- 
tion of normal activities. 

3. Group 2, comprising 50 cases, represents the most serious form of 
aortic aneurysm because of the gravity of the disease and the inherent diffi- 
culties involved in excisional therapy. In certain sacciform aneurysms of 
the aortic arch, the procedure of tangential excision and aortorrhaphy may 
be preferable, but in fusiform aneurysms and in sacciform aneurysms in which 
the neck of the sae is relatively large, resection of the entire segment with 
graft replacement is necessary. Temporary arrest of aortie circulation at 
this level interrupts cerebral blood flow and can produce fatal ischemic 
damage to the central nervous system. Furthermore, a serious strain is thus 
placed upon the left ventricle causing the possibility of acute cardiac failure. 
Several methods may be employed to overcome these problems. For aneu- 
rysms involving the transverse arch of the distal portion of the ascending 
aorta, use of a temporary shunt is considered the procedure of choice. Re- 
cently, with the development of the crimped Dacron tube it has been possi- 
ble to apply the bypass principle in a manner that permits its application 
both as a temporary and a permanent shunt. In cases in which the proximal 
portion of the ascending aorta is involved, cardiopulmonary bypass by means 
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of an artificial heart-lung apparatus is required. Factors bearing upon the 
operative risk include type and location of the aneurysm, age, and method 
of excisional therapy. The total mortality in this group was 56 per cent, but 
this figure must be evaluated against the extreme gravity of the natural 
course of this disease. Among surviving patients the results have been highly 
gratifying. 

4. Aneurysms in Group 3 are significant particularly because they in- 
volve the principal vessels to the abdominal viscera, and excisional therapy 
is associated with danger of producing fatal ischemic damage to the liver, 
kidneys, and gastrointestinal tract as a consequence of temporary arrest of 
blood flow to these organs. In this group of 22 cases, syphilis was the pre- 
dominant cause of the lesion. Several methods, including hypothermia, con- 
trolled extracorporeal circulation, and temporary shunts, have been employed 
to overcome the danger of damaging the sensitive abdominal organs. Re- 
cently another method has been developed through the use of the crimped, 
knitted Dacron tube which permits conversion of the temporary shunt into 
the permanent graft. In this series there were 8 operative deaths, 6 of which 
occurred in patients over 60 years of age. Results among patients who sur- 
vived have been excellent, and follow-up observations extending over periods 
ranging up to 244 years reveal maintenance of normal activity. 

5. Among the 34 cases of dissecting aneurysm, 4 involved the aortie arch 
and the remainder arose in the proximal segment of the descending thoracic 
aorta. In eases in which the dissecting process begins in the ascending aorta, 
the procedure consists in the creation of a re-entry passage into the true 
aortic lumen above with obliteration of the false passage below. This pro- 
cedure is obviously not curative; its objective is to diminish the likelihood 
of rupture above and to restore normal aortic circulation below. For lesions 
arising in the descending thoracic aorta a more curative type of procedure 
may be employed, consisting of excision of the segment involved in the origin 
of the dissecting process and replacement with graft. In cases in which the 
dissecting process is not well localized, the proximal portion is excised and 
the false passage below is obliterated by suture of the inner and outer wall. 
Aortie continuity is then restored by graft replacement. Thirty cases have 
been treated in this manner with 8 deaths. Age did not seem to be a signifi- 
cant factor in the mortality in dissecting aneurysms, but hypertension was 
‘highly significant, since there were no deaths in patients considered to be 
normotensive. Follow-up observations extending up to 314 years reveal that 
most of the patients surviving operation have been able to resume normal 
activities. 
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DISCUSSION 


DR. JOHN W. STRIEDER, Brookline, Mass.—I rise only to emphasize a very small 
segment of Dr. DeBakey’s magnificent presentation, namely, the pump bypass. As I men- 
tioned this morning, Dr. James Dow and Dr. James Dickson at the Boston City Hospital 
Surgical Research Laboratory have been interested in this aspect of hemodynamics. 

We have applied the pump which is similar to Dr. DeBakey’s, except that it is 
operated by compressed air and permits one to have a bypass and/or a pump working 
electively, alternately. 

In addition to its use for the excision of thoracic aneurysms, it may also be used 
in any situation where occlusion of the thoracic aorta is necessary. 

We have used it, therefore, in a patient who was severely ill, the result of aortic 
regurgitation, where we contemplated inserting a Hufnagel valve. 

This slide shows the pressures which were taken above and below the point of oc- 
clusion through the axillary artery and the femoral artery. Catheters have been passed 
through both these vessels a suitable distance. One can then see graphically that when 
the bypass is open with the pump not working, the pressures above and below the point 
of occlusion of the aorta show a definite differential with the pressures below the point 
of occlusion falling off, but remaining at approximately 60 mm. Hg systolic. When the 
bypass is clamped and the pump started, however, the pressure in the distal aorta remains 
at a satisfactory level, approximately that of the pressure in the proximal aorta. This 
permits a leisurely approach to the operation described by Hufnagel. 

As I mentioned before, it was used in one such patient and was highly successful 
technically, although subsequently the patient died for reasons which were not discernible 
at autopsy and apparently bore no relation to the method. 
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EXPERIENCES WITH THE DAVILA-GLOVER PURSE-STRING 
SUTURE IN THE CORRECTION OF MITRAL 
INSUFFICIENCY: A CRITICAL APPRAISAL 


Edward M. Kent, M.D., William B. Ford, M.D., John F. Neville, Jr., M.D. 
(by invitation ), and Don L. Fisher, M.D. (by invitation), 
Pittsburgh, Pa. 


URING the Thirty-fifth Annual Meeting of the American Association for 

Thoracic Surgery, Davila and Glover and their associates! deseribed a 
method of accomplishing circumferential suture of the mitral ring for the eor- 
rection of valvular insufficiency. That presentation included their experiences 
during the perfection of the technique in the experimental laboratory and the 
use of the operation in the surgical management of 7 patients whose valvular 
disease was characterized by predominant mitral insufficiency. Although the 
mortality rate was high in this preliminary report, the authors felt that the 
results in the surviving patients were most encouraging. 

The essentials of the procedure as described by Davila and co-workers 
consist of placing the suture medially by approaching the posterior aspect of 
the heart and introducing the needle at a point just to the left of the posterior 
descending coronary artery and immediately beneath the coronary sinus and 
distal cireumflex coronary artery. The needle then was passed ventrally into 
the base of the interatrial septum and thence into the right atrium, entering 
this chamber at a point just ventrad to the ostium of the coronary sinus, then 
advanced adjacent to the right side of the septum, piereing the anterior right 
atrial wall at its junction with the anterior base of the septum. At this point, 
the needle and suture emerged into the transverse sinus and the segment of the 
suture which was to lie in the transverse sinus was eneased in a pericardial 
sleeve, 4 em. in length. A tunnel was then made anteriorly beneath the cireum- 
‘lex coronary and great cardiae vein at a point about 1 em. lateral to the an- 
‘erior descending coronary. The segment of suture which had been covered by 
pericardium was then drawn back into the transverse sinus by traction on the 
posterior ‘‘tail.’? The anterior ‘‘tail’’ was then passed beneath the cireumflex 
“oronary through the previously prepared tunnel. The posterior ‘‘tail’’ of the 
‘uture was then threaded on a large curved needle and stitched anterolaterally 
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into the atrioventricular groove, underpassing the lateral branches of the cir- 
cumflex coronary so that it finally lay just beneath the cireumflex bundle. The 
two tails were then approximated about 1 em. to the left of the anterior de- 
scending coronary and immediately below the circumflex coronary where they 
were tied in a double square knot. As this knot is tied, the operator maintains 
a tactile vigil over the effect on the valvular regurgitation by means of the 
exploring finger which remains within the left atrium by way of its appendage. 
This finger aiso serves as a means to prevent the creation of stenosis of th« 
valvular orifice during the tying of the knot in the purse-string suture and has 
the equally great responsibility of monitoring the placement of the purse-string 
suture to ensure against the insertion of any portion of the suture within the 
left atrial chamber. 

It is apparent to all interested observers that there is a great need for a 
method which will safely and effectively control mitral insufficiency when it is 
of major proportions. Our purpose in this communication is to present our 
experiences and results with the use of the Davila-Glover circumferential su- 
ture of the mitral ring as a means of attempting to control predominant mitral 


. 


regurgitation in 30 patients. 


METHODS 
Patients were selected for surgical correction of mitral insufficiency on 
the basis of clinical evaluation and supporting data obtained by means of simul- 
taneous right and left heart catheterization and by means of the injection of 
Evans blue dye into the left ventricle followed by immediate recovery of the 
medium from the left atrium. 

In the area of clinical evaluation of patients, the measures adopted did 
not differ from those employed generally. The presence of an apical systolic 
murmur has been the cardinal method of spotting patients suspected of having 
mitral insufficiency. Some of these patients displayed qualities inherent in 
their murmurs which are commonly accepted as indicative of a significant 
degree of valvular incompetence (i.e., loudness, transmission to the axillary 
area, decreased intensity of the mitral first sound). 

Further documentation includes evidence of left ventricular enlargement 
by means of electrocardiography, roentgenography and fluoroscopy. Addi- 
tionally, evidence of left atrial enlargement was sought by the same avenues 
of study. The presence or absence of atrial fibrillation was demonstrated in 
all instances. 

Each patient in this study was severely disabled by predominant mitral 
insufficiency. 

The supporting data which have been obtained by means of combined 
right and left heart catheterization are available for all save 2 patients. The 
criteria obtained by these measures include the appearance of a tall regurgitant 
pulse in the left atrium (V wave exceeding the height of the C wave by 10 mn. 
Hg or more® *). 
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More consistent evidence of mitral regurgitation is obtainable by means 
of the injection of Evans blue dye into the left ventricle during left heart 
catheterization.* In the presence of mitral regurgitation, immediate recovery 
of the medium from within the left atrium can be expected. 

Left heart catheterization was performed in the prone position using the 
right paravertebral approach. Usually, right heart catheterization was done in 
a similar manner through a second needle.* * 

The passage of a catheter into the left ventricle permitted measurement 
of any pressure gradients across the mitral and aortie valves. The recording 
of left atrial pulse pressure usually revealed the degree of mitral regurgita- 
tion accurately? * as long as the mean left atrium pressure was above 20 mm. 
Hg. At lower mean atrial pressures, the regurgitant pulse could frequently 
be evoked by exercise. 

More recently, however, a simple dye injection technique has been more 
satisfactory for evaluating valve competency. In brief, the technique consists 
of injecting dye into the left ventricle via a catheter while aspirating from a 
separate left atrial needle. This is compared to a similar injection into the 
left atrium via the catheter while aspirating from the separate needle. As can 
be seen from Tables I and II, it is apparent that the test does not overestimate 
the degree of insufficiency. 

The patients selected for surgical intervention were managed by the appli- 
cation of the Davila-Glover purse-string procedure as described by them, using 
the Davilla needle designed for this purpose. 

The postoperative evaluation of results have been based upon the same 
triad which was employed in the preoperative selection of patients, namely, 
clinical evaluation, simultaneously combined right and left heart catheteriza- 
tion, and the injection of Evans blue dye into the left ventricle with subsequent 
recovery from the left atrium. An altogether too limited autopsy experience 
has also been included. 


RESULTS 


There were 13 hospital deaths (Table 1). The majority of these (8) re- 
sulted from uncontrollable ventricular fibrillation at the time of surgery. 
Three patients died within 24 hours after completion of operation. One patient 
died 4 weeks after surgery as a result of subacute bacterial endocarditis due 
to hemolytic Staphylococcus aureus and the remaining patient died 2 months 
alter operation of uncontrollable congestive heart failure. It has been appar- 
ent that this surgical procedure carries a very substantial risk for patients in 
tle advanced categories which were selected. In an effort to overcome the 
problem of ventricular fibrillation at surgery, partial cardiac bypass was em- 
poyed during the introduction of the purse-string suture in 3 patients. The 
first of these efforts appeared to be very successful and a patient having pro- 
f-andly severe mitral insufficiency was thus operated upon with an excellent 
evrly clinical result. However, the signs of the regurgitation recurred in 6 
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CORRECTION OF MITRAL INSUFFICIENCY 425 
months and the patient died 3 months later of congestive heart failure. Au- 
topsy disclosed cut-through of the purse string (Fig. I). The remaining 2 pa- 
tients operated upon with the assistance of partial cardiac bypass died of un- 
controllable ventricular fibrillation during surgery. 

There have been 6 additional deaths, each occurring after the patient was 
discharged from the hospital after having progressed through apparently sue- 
cessful surgery and uncomplicated convalescence (Table I). Three of these 
deaths were sudden and fairly early after surgery, each occurred at home, and 
autopsies were not obtained. The 3 remaining late deaths were preceded by 
evidence of recurrence of mitral insufficiency and somewhat prolonged conges- 
tive heart failure. Autopsy in these 3 patients disclosed evidence of cut- 
through of the purse-string suture. 

The result of the application of the purse string as determined by the sur- 
geon at the time of operation has been impressive. Indeed, in almost every 
instance, the palpable regurgitant jet was greatly reduced as measured by the 
tactile sense of the operator’s intra-atrial finger. These observations have been 
in complete agreement with those published by Davila and Glover. 

An observation of major importance was that the degree of mitral regurgi- 
tation varied markedly depending upon the work of the left ventricle. When- 
ever systemic arterial pressure was low, the improved cardiae output resulting 
from the initial tightening of the purse string raised the systemic pressure. 
As this happened, the tactile evidence of regurgitation increased, requiring 
further tightening of the suture. These observations would seem to be of 
importance in open heart surgery for mitral insufficiency, since visual estima- 
tion of the regurgitant flow, when the left ventricle is pumping very little 
blood, may be incorrect. 

The disappointing experience of having the apical systolic murmur recur 
within a few days to a few weeks, or months, in most patients is one which can- 
not be forgotten. Among the survivors who were followed for a reasonable 
period of time, this event occurred in 7 of 11 patients. Following this auseulta- 
tory evidence of recurrence of: mitral insufficiency, there ensued clinical evi- 
dence of loss of symptomatic gains. 

In an effort to obtain objective information concerning the status of the 
survivors, postoperative left heart catheterization and blue dye injection was 
carried out on 10 of the 11 surviving patients (Table IL). These tests were 
done more than 6 months after surgery and the data secured disclose that 7 
patients now have mitral insufficiency of degrees equaling those demonstrated 
prior to operation. There are 4 patients in whom there remains no demon- 
strable regurgitation but 2 of these have evidence of mitral stenosis. A single 
patient who was retested 10 days after undergoing surgery was found to have 
had objective evidence of recurrence of severe valvular insufficiency. This 
has been suspected clinically as a result of recurrence of an apical systolic 
murmur 6 days after surgery. This patient has since died in chroni¢e uncon- 
‘rollable congestive failure and autopsy confirmed the recurrence of mitral 
regurgitation. 
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Fig. 1.—A, Chest film taken prior to surgery discloses large heart and right pleural effu- 
‘ion due to congestive failure. 8, Photograph of heart made at autopsy 9 months after sur- 


very. The purse-string suture can be seen to have cut through into left atrium just above 
mitral valve. 
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As further evidence of recurrence of valvular insufficiency we can present 
the autopsy findings of only 3 patients who have died 3 or more months after 
surgery. In 2 instances, the purse string had cut through the atrial wall and, 
in pari, lay free in the atrial chamber just above the mitral leaflets (Fig. 1). 
In the third such instance, it was quite apparent that the purse string had eut 
through sufficiently to lose the effect although the suture had not entered the 


atrial cavity at any point. 


SUMMARY 


1. The cireumferential purse-string suture deseribed by Davila and Glover 
effectively controls mitral regurgitation at the time of application. 

2. There has been a high incidence of recurrence of valvular incompetence, 
chiefly the result of eut-through of the purse-string suture. 

3. A high mortality rate has been experienced. 

4. There is evidence which indicates that we have produced a measureable 
degree of mitral stenosis in 2 patients both of whom have maintained control 
ofa insufficiency. 

. Observations made during the surgery performed for relevel insuffi- 
ae indicate that the degree of valvular regurgitation may be underesti- 
mated under the conditions which prevail during open heart surgery. 

6. The evaluation of surgical results of surgery for mitral insufficiency 
requires the utmost objectivity at our disposal. We feel that left heart cathe- 
terization studies, of the scope employed in this study, are mandatory. 


REFERENCES 


1. Davila, J. C., Glover, R. P., Trout, R. G., Mansure, F. 8., Wood, N. E., Janton, O. H., 
and Iaia, B. D.: Circumferential Suture of the Mitral Ring, J. THoracte Sv RG. 
30: 531-563, 1955. 

Kent, E. M., Ford, W. B., Fisher, D. L., and Childs, T. B.: The Estimation of the 
Severity of Mitral Regurgitation, Ann. Surg. 141: 47-52, 1955. 

Fisher, D. L.: The Use of Pressure Recordings Obtained at Transthoracie Left Heart 
Catheterization in the Diagnosis of Valvular Heart Disease, J. THORACIC SurG. 
30: 379-396, 1955. 

Fisher, D. L.: Catheterization of the Left Heart, in Zimmerman, H. A., editor, Intravas- 

cular Catheterization, Springfield, Ill., 1958, Chas. C Thomas, Publisher. 


ro 


DISCUSSION 


DR. J. C. DAVILA, Philadelphia, Pa.—Every year at this meeting someone invariably 
asks, “Are you still doing this operation?” and we have answered, “Yes, we are.” I am 
of course very disappointed by the results which Dr. Kent, Dr. Neville, and Dr. Fisher 
have reported. This is a procedure which is technically exacting, and about which perhaps 
some details have not been fully emphasized or sufficiently clearly elucidated in our pub- 
I would like to point out one feature which Dr. Neville and I discussed 


lished reports. 
some days ago. 

(slide) If the suture is placed in a manner which catches a band of epicardium in 
a loop and it is tied, a very disagreeable puckering is produced. Not only is this undesira- 
ble from the standpoint of hampering coronary arteries, but it is undesirable because 
the suture is unable to slide through after final tying to glide into the apex of the A-V 
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groove. This may appear to be a minor point but it is very important. In placing this 
portion of the suture it is necessary to come out with the suture and return through the 
same puncture in order that the suture lie entirely in fat. When it is tied it then glides 
into the proper position. This will eliminate to a very large degree, although not com- 
pletely, the loosening of the suture. (slide) This is shown to point out the repetition of 
the loop back through the same orifice. 

We have had only 1 case in which the suture was misplaced into the cardiac lumen; 
it occurred very early in our series. We have not had the suture cut through in any other 
patient or, in fact, in a large number of dogs in a period of 3 years of observation. 

This slide simply shows the tracing of a patient whom Dr. Morrow catheterized 
in Washington, 1 month before surgery, 1 month after surgery, and 9 months after surgery. 

(slide) This is the longest follow-up we have studied—a patient who was catheterized 
at 6 months and at 24 months postoperatively. You will note the left atrial pressure 
remains low, the pulmonary pressure remains low, the output doubles and remains that 
way, the pulmonary resistance is low. The heart size (by cardiothoracic ratio) remains 
small. 

(slide) I wish to point out what has happened in our experience during the past 
4 years. We have operated on 61 patients and I have divided them into three groups: 
20 patients, 20 patients, and 21 patients, progressively. In the first 20 patients, there 
were six operative deaths, eight late deaths, and 6 are living; the next 20, six operative 
deaths, four late deaths, 10 are living. In the last 21, there were six operative deaths, 
one late death, and 14 are living. This represents not necessarily technical improvement 
bu: better selection of patients, and this is the crux in the success of this operation. It 
is not unlike the catastrophe which Dr. Potts referred to. When we operate on a patient 
in a far-advanced stage of disease, that patient is going to die whether we have corrected 
the insufficiency or not. 

This is another aspect of the breakdown. Half of our patients roughly, 29, were 
preoperatively in medically intractable failure, 32 were in various stages of congestive 
failure but were not intractable preoperatively. Of the 29 in intractable states only 4 are 
living and only 2 of those are improved. Of the 32 in varying degrees of failure, 26 are 
living and 26 are improved. 

We have not studied by recatheterization a sufficient number of patients completely 
to show comparable data before and after surgery, nor do we have time now to discuss 
that in more detail, but those we have studied have shown favorable results. 


DR. LOUIS H. BOSHER, Richmond, Va.—My experience with this operative proce- 
dure is very limited, but so unsatisfactory that I wish also to support Dr. Kent’s observa- 
tion regarding it. 

We have operated upon 6 patients, 2 of whom were operative deaths, that is, occurring 
early postoperative. There were 2 patients who died later, 1 six weeks and 1 five months later, 
and | would like to show two slides of the specimens. 

(slide) You will see that in this patient the suture has cut through 5 weeks after 
surgery. There was clinical evidence of recurrence of mitral insufficiency. I might say 
that this suture was not enclosed in a pericardial tube as recommended by the authors 
of the procedure. 

(slide) The second patient died 5 months later; the suture was enclosed in a plastic 
tube between the circumflex artery and the point of emergence in the transverse sinus. 
The suture did not cut through at this site but cut through elsewhere along the annulus. 
It is our opinion that if the annulus is markedly dilated, which is the situation in most 
of the patients, if you exert enough tension to eliminate the mitral insufficiency then 
almost certainly the suture will eventually cut through. We do have 2 patients alive 
who have had this procedure. They are somewhat improved. One of these patients 
exhibited evidence of elimination of mitral insufficiency for some months, but this has 
gradually returned and at the present time he has lost ground. 
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DR. J. NEVILLE (Closing).—In fairness to Dr. Davila, I would like to say that 
the technique which we used in placing the purse string was that originally described. It 
did not include the modification presented here. Whether this would influence the results 
which we have obtained I am not able to say at the present time. 

We were quite impressed at the time of surgery by the ability of this operative 
procedure to control regurgitation. Despite our rather high operative mortality from 
ventricular fibrillation, we were rather reluctant to discontinue the procedure because it 
apparently offered some hope to a group of desperately sick patients. 

An example of one of these patients is exemplified by this x-ray (slide). This pa- 
tient required 3 months of hospitalization and intensive medical management to be brought 
into a reasonable cardiac compensation. Because of our prior experience with ventricular 
fibrillation in this type patient, she was operated upon using a pump-oxygenator by 
diverting only part of the cardiac output. With the blood continuing to return to the 
left atrium we were able to determine the degree of regurgitation more efficiently. The 
patient did survive the operative procedure despite a bout of fibrillation and a dramatic 
result ensued. Whereas previously she had been completely bedridden, within 3 months 
she was doing all of her housework. In addition, due to inadequate advice to the local 
physician, she was on a regular diet and off digitalis. Approximately 6 months after 
surgery, symptoms recurred and a progressive downhill course ensued. She was hospitalized 
and an autopsy fortunately was obtained. 

I think this slide speaks for itself (purse string lying free in atrial cavity over one- 
half circumference). 

There is one observation Dr. Kent made which I should like to amplify briefly. It 
was impressive at the time of placement of the purse-string suture to observe the relation- 
ship between the degree of regurgitation and the arterial blood pressure. Usually the 
blood pressure was quite low initially. As the purse string was tightened, the arterial 
blood pressure rose and the regurgitation would reappear or increase. Further tightening 
of the purse string would control the regurgitation but, as the arterial pressure rose further, 
the same phenomenon would take place. It was not until a normal systemic pressure had 
been obtained that we would be sure of the control of the regurgitation. I think this 
observation is pertinent to open operative correction of mitral regurgitation, for when the 
left ventricle is not completely filled, so that the intraventricular pressure does not reach 
normal levels, the degree of regurgitation may be very difficult to estimate. A false 
sense of security may result from merely the visual correction of the regurgitation. 


TECHNICAL CONSIDERATIONS IN DECORTICATION FOR 
THE PLEURAL COMPLICATIONS OF PULMONARY 
TUBERCULOSIS 


Paul C. Samson, M.D., Duane L. Merrill, M.D. (by invitation ), David J. 
Dugan, M.D., Oakland, Calif., E. ]. Shabart, M.D. (by invitation), 
Livermore, Calif., James Yee, M.D. (by invitation ), Oakland, 

Calif., and Louis M. Barber, M.D. (by invitation ), 

French Camp, Calif. 


oe MODERN era of decortication for pleural complications in tuberculosis 
may be said properly to date from the end of World War II. During the 
war, the pathology of organizing hemothorax was finally settled. Many thoracic 
surgeons returned to civilian life with a considerable background experience in 
decortication for organizing hemothorax and post-traumatic empyema. In re- 
focusing their attention on peacetime pursuits, it was only natural that renewed 
interest developed in treating the unexpandable lung in tuberculosis as well as 
in tuberculous empyema. 

Another advance of the greatest importance likewise soon appeared: the 
development: of specific chemotherapy for tuberculosis. As this discovery re- 
lated to decortication, it meant that the prevention of invasive tuberculous in- 
fection made surgery safe in a contaminated field, thus enhancing the value of 
operative procedures already proved technically adequate.’ 

During the past decade a number of important contributory articles have 
appeared on decortication in 


PATHOLOGY 


While it was originally considered that the fibroblastic reaction in the 
pleural cavity (and the eventual development of a ‘‘peel’’) was in some way a 
specific response to the presence of blood, it became rapidly apparent that any 
insult to the pleural cavity would result in the same reaction. Air, pyogenic 
infection, specific effusions, viral effusions, chyle, and even neoplasm will elicit 
the same primary nonspecific response by the pleura: fibrin deposition on the 
exposed pleural surfaces; early fibroblastic and angioblastic proliferation; 
formation of a complete membranous envelope having both visceral and parietal 
components and containing air or liquid debris. Thick or thin, the fully de- 
veloped membrane or peel in each case is composed of adult tissue relatively 
poor both in blood supply and nuclei. 


From the Thoracic Surgical Services of Highland-Alameda County Hospital, Samuel 
Merritt Hospital, Peralta Hospital, Oakland, Calif.; The Veterans Administration Hospitals, 
Livermore and Oakland, Calif.; The San Joaquin General Hospital, French Camp, Calif. 

Read at the Thirty-eighth Annual Meeting of The American Association for Thoracic 
Surgery at Boston, Mass., May 16-18, 1958. 
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The microscopic evidence of tuberculous infection is most frequently found 
along the inner or closed surface of the envelope away from the pleurae (Fig. 1). 
It is seldom seen invading the membrane or peel itself unless the tuberculosis is 
an extension outward from a pulmonary lesion. Therefore, the cleavage line 
between peel and pleura can nearly always be developed without disturbing the 
tuberculous infection within the envelope. In addition, adequate chemotherapy 
destroys the microscopic picture of specificity in an empyema in the majority of 
instances coincident with the disappearance of tubercle bacilli from the fluid 
(Fig. 2). This is a further and very important safety factor during and fol- 
lowing surgery. 


MATERIAL 


During the 10-year period ending early in 1957, a total of 237 significant 
decortications were performed on the Thoracic Surgical Services of the indicated 
institutions. Nearly all of these were performed by the authors, except at High- 
land-Alameda County Hospital where at least half were done by former resi- 
dents. 

Of the 237 operations, decortication was the main procedure in 104, and an 
incidental but important adjunct to resection in 133. 

Among the 104 patients, 39 operations were performed for unexpanded 
lung due to pneumothorax or pleural effusion; 6 for ‘‘false re-expansion’’; 7 
for pyogenic, 35 for pure tuberculosis, and 17 for mixed infection empyema. In 
this group, there were additional resections in 30 cases (4 of these with con- 
comitant thoracoplasty) and adjunctive tailoring thoracoplasties (both econ- 
comitant and postdecortieation in another 13 eases). 

Among the 133 patients, no thoracoplasty was performed in 60 per cent; 
a preresection thoracoplasty was performed in 18 per cent, a concomitant 
thoracoplasty in 13 per cent, and a postresection thoracoplasty in 9 per cent. 


INDICATIONS 


The rationale of decortication in tuberculosis needs but brief comment. 
Obliteration of an intrapleural space, removal of infection, re-expansion of 
lung, and hemithoracie restitution with as near normal mobility as possible are 
the desiderata. 

The indications are various: the unexpandable lung, following pneumo- 
thorax therapy or primary pleural effusion; the ‘‘false re-expansion’’; intra- 
pleural empyema, pyogenic, pure tuberculous, or mixed; and finally the inei- 
dental deeortication necessary with many parenchymal resections for better re- 
expansion of remaining lung tissue. 

There are, in addition, certain miscellaneous indications for decortication 
because of postresection complications. These arise rarely but are important 
in the individual ease. Realization that a type of decortication is possible may 
induce the surgeon to embark on a highly suecessful salvage operation. In the 
ease of occult fistula, for instance, a small empyema may be removed by ex- 
trapleural decortication of the empyema and re-amputation of the bronchial 
stump” (Fig. 3). A postpneumonectomy empyema has been likewise removed 
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Fig. 1—Pure tuberculous empyema. Photomicrograph of cross section of peel X30. The 
tubercles are most numerous toward the inner surface or the envelope (above). The visceral 
juxtapleural edge (below) is free from tubercles. 


Fig. 2.—Pure tuberculous empyema. Photomicrograph of cross section of peel X30. 
showing inner surface of empyema cavity. This patient had prolonged chemotherapy prior to 
operation. One sees only a nonspecific inflammatory reaction. All evidence of specific tuber- 
culous infection has now disappeared. 
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in toto. One patient in our series had three decortications because of air leaks 
and intrapleural infection following right upper lobectomy. The eventual re- 
sult was satisfactory. Postresection intrapleural hemorrhage with organization 
is also a well-known indication. 


Fig. 3.—A patient with positive sputum which developed 4 years following left upper 
lobectomy and thoracoplasty performed elsewhere. The routine PA roentgenogram is unre- 
vealing. ‘The bronchogram demonstrates an occult fistula and empyema. Extrapleural ex- 
enteration of empyema with decortication and revision of the left upper lobe bronchial stump 
resulted in cure. (From Merrill, D. L., and Samson, P. C.: Am. Rev. Tuberc, 77: 561, 1958.) 


PREOPERATIVE STUDIES 


The final decision as to procedure depends upon the status of the under- 
lying lung and this makes decortieation in tuberculosis more complicated than 
when performed in other situations. It also means that frequently decortication 
may not be the sole operation, but is performed in conjunction with resection 
and/or thoracoplasty. 

The status of the underlying lung must be studied in detail. Complete 
review of serial films, tomography, bronchoscopy, and bronchograms may all 
be indicated before a decision is reached. If the tuberculosis is inactive and 
originally not of great extent, it may be presumed that the lung ean re-expand 
quite well. Decortication alone will then probably suffice. However, poor re- 
expansion may be expected in the presence of a high-grade stenosis of the main- 
stem bronchus and this may well be a contraindication to decortication. If 
there is active lobar disease or old pulmonary fibrosis, resection and/or tho- 
racoplasty may be necessary in addition to decortication. Of course, a destroyed 
lung with pleural complications should be removed by the technique of pleuro- 
pneumonectomy. 

Bronchograms are frequently valuable, but must be interpreted with care. 
In the absence of clinical symptoms, the widening and blunting of bronehi in 
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a collapsed lobe may not be anatomically permanent bronchiectasis but may be 
reversible on re-expansion following decortication (Fig. +). 


Fig. 4.—Pure tuberculous empyema. Pre- and postdecortication bronchograms showing 
reversal of “bronchiectasis” in left lower lobe. There were no clinical symptoms of bronchi- 
tone) at any time. (From Merrill, D. L., and Samson, P. C.: Am. Rev. Tuberc. 77: 561, 


OVER-ALL SURGICAL CONCEPTS 


The exact order of the concomitant operations most often applied in tu- 
berculosis depends upon what is considered to be the main pathologie disorder. 
In eases of empyema, or unexpandable lung, decortication is the primary op- 
eration and the first procedure undertaken. On the other hand, resection of 
some type may be proceeded with first and decortication of varying degree then 
acts as a supplemental operation. Usually the decision concerning a concomitant 
thoracoplasty is delayed until it is seen whether pulmonary re-expansion is ade- 
quate following decortication and/or resection (see Fig. 16). In some instances 
the tailoring thoracoplasty has been a subsequent operation when re-expansion 
was not satisfactory (see Figs. 17-18). Rarely, a preliminary thoracoplasty 
(as a separate operation) has been undertaken when judgment indicated with 
fair certainty that the lung would inadequately fill the hemithorax. 

Postoperative pneumoperitoneum ean likewise help in minor space problems. 
I believe this has been used with inereased frequency in the past 2 or 3 years. 

Certain surgical principles have evolved in our clinies which apply to all 
types of decortication. Nonflammable anesthesia is used. This allows the em- 
ployment of the eleetrocoagulation which is a great timesaver in many instances 
in which multiple areas of punctate bleeding are present. The standard ap- 
proach is posterolateral, removing the fifth or sixth rib. We prefer to remove 
a rib because we believe that a more secure chest wall closure ean be performed. 
In general, fine nonabsorbable suture material is used throughout. If raw lung 
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tissue needs to be repaired, we employ fine catgut on an atraumatie needle. At 
least two right-angle drainage tubes of from 36 to 40 Fr. are used, one an- 
teriorly in the second interspace and one posterolaterally in the eighth inter- 
space. Occasionally a third and posterior tube is used, particularly when the 
superior segment of the lower lobe has been removed. If numerous small lung 
leaks persist, some type of suction must be employed and we have become ac- 
customed to the use of high-vacuum, high-flow suction drainage with a negative 
pressure available, of from 25 to 50 em. of water. Admittedly, there is con- 
tinuing discussion that high, negative intrapleural pressures may help main- 
tain fistulas. It is our present belief that this may well be true of bronchial 
fistula, but not of multiple small air leaks. Tligh-vacuum suction seems the 
best means of obtaining prompt pulmonary re-expansion under the latter cir- 
cumstances. Roe! has recently considered these matters at length. 

General standards have been set up in caring for the chest wall in cases of 
prior drainage. Sinuses, including pleurocutaneous flap drainages of the 
Eloesser type, are excised down to the ribs, dissected loose, and turned in so 
they may be removed by the later intrathoracic operation. The chest wall is 
then closed in layers over these areas, instruments, gowns, and gloves changed, 
and the main thoracotomy incision made under sterile conditions. In the case of 
tube tracks which are expected to be in the proper place for drainage following 
operation, these may likewise be excised to remove sear tissue. Tlowever, we 
have not disturbed the more recent ones and have used the same drainage sites 
following decortication. 

Recently, hypothermia has been used on several patients whose vital 
capacity was extremely low and when it was hoped decortication would improve 
ventilatory reserve (see Figs. 12-13). Within the past few months, Brewer and 
King" have independently reported on a similar use of this modality. 

Proper antitubereulosis drug coverage is of the greatest importance when 
the pleural and/or pulmonary disease is or has been infectious. If the organisms 
are sensitive, or if no tubercle bacilli are found, the standard drugs are eontin- 
ued through surgery and for many months thereafter. Streptomycin is placed 
in the pleural eavity only when there has been gross contamination, but we must 
confess that we have no statistical justification for its use intrapleurally. When 
the tubercle bacilli are resistant to streptomycin, PAS or INH, we consider it 
mandatory to use other drugs. Pyrazinamide, viomyein, or eyeloserine are 
generally preferred. The drug of choice is commenced some 14 days before op- 
eration and continued from 4+ to 6 weeks postoperatively. In mixed infection 
empyema, sensitivity studies are performed on the pyogenic organisms present 
and the appropriate antibiotic is then added to the regimen and continued for 
from 7 to 10 days following surgery. 


THE UNEXPANDABLE LUNG-PNEUMOTHORAX COMPLICATIONS 


The nonexpanded lung due to pneumothorax, or primary pleural effusion, 
represents a double hazard to the patient: there is loss of pulmonary function 
which is at least partly restored by decortication; persistence of a space invites 
infection sooner or later. 
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Decortication under these circumstances is a simple, effective, and highly 
safe procedure with excellent results. Using the standard approach, the parietal 
peel is incised and the center of the envelope entered directly. Standard visceral 
pleural decortication is carried out under intermittent positive pressure by the 
anesthetist. Depending upon the size of the pocket, its duration, and a previous 
knowledge of whether the chest wall is fixed, we may or may not do a parietal 
pleural decortication. It is not routine as it increases the operating time and the 
bleeding. If the pocket is a lateral one, it is well to separate all areas of ad- 
herence between visceral and parietal pleura down to the diaphragm and to the 
hilum so that circumferential expansion ean take place. In most cases of this 
type, there has been no need for either resection or thoracoplasty (Fig. 5). 
Rarely, the discovery of a fibrotic, poorly expansile lobe has led us to perform 
a tailoring concomitant thoracoplasty. 


3 pre 


Fig. 5.—Excellent result from decortication for unexpandable lung following pneumothorax 


therapy of 5 years’ duration. 


Granted that few pneumothoraces are induced these days, we should never- 
theless include a word on the management of the complicated ineffectual pneu- 
mothorax. In spite of the most careful management and early abandonment 
of an ineffective pneumothorax, there may be prompt fluid formation. By im- 
plication, the pulmonary disease is almost always active. If the lung eannot 
be immediately re-expanded by aspiration, early surgery is indicated. In gen- 
eral, thoracotomy with evacuation of fluid, decortication of the normal lung, and 
possibly lobectomy should give a more satisfactory result, although surgical 
drainage of an infected pleural cavity may be the preferable alternative. 

If lobectomy is indicated as part of the procedure but, bronchoscopieally, 
the bronchus is not considered suitable for transection, a temporizing extra- 
pleural thoracoplasty may be instituted to help control parenchymal disease as 
well as obliterate the pleural cavity. Occasionally, a technically adequate 
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pneumothorax is ineffective in closing a lobar cavity. Re-expansion is not 
successful because a fibrous membrane has developed. In this situation, we 
favor decortication, lobectomy, and possibly concomitant thoracoplasty, or post- 
operative pneumoperitoneum. Tere, decortication is essential for adequate re- 
expansion of the remaining lobe (Fig. 6). 


Fig. 6.—A technically adequate pneumothorax, but there is a residual cavity in the left 
upper lobe and beginning fluid formation. Postoperative roentgenogram following decorti- 
cation, left upper lobectomy, and concomitant thoracoplasty (ribs 2, 3, 4). 


THE ‘‘ FALSE RE-EXPANSION’”’ 


This condition usually has been a complication of pneumothorax or pri- 
mary pleural effusion. Obliteration of the pleural space by mediastinal and 
cardiac shift rather than by effective pulmonary re-expansion has resulted in 
continued disability because of tension phenomena affecting the heart, thoracic 
parietes, or diaphragm. <A calcium plaque may rarely develop. The patients in 
this group have been few but a greater number may well be symptomatic. We 
suggest that a critical review of patients whose pneumothorax has been aban- 
doned might turn up an appreciable number of candidates for operation. These 
patients present a varying symptomatology. Frequently the symptoms are not 
crippling but very annoying. Persisting thoracie discomfort or actual pain, 
made worse by exertion; dyspnea and breathlessness; pressure sensations in the 
chest; chronic fatigue; recurrent formation of fluid; palpitation and tachy- 
cardia; and ‘‘asthma’’ have all been recorded. In 1 patient, a systolic 
heart murmur became progressively louder apparently due to ecardiae torsion 
(Figs. 7 and 8). On examination, these patients have flattened chests on the 
affected side. The intercostal spaces are narrowed and retracted, and limited 
inspiratory expansion is quite obvious (Fig. 9). In the few patients, decortica- 
tion, where employed, has been highly successful; Mulvihill? and others have 
likewise operated in similar situations to improve pulmonary function and thus 
allow for needed surgery on contralateral active lesions. 
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At operation, the peel will be double layered and, in general, the two layers 
will be adherent. They may, however, be intermittently separated by small 
lacunae of fluid or by coalescent calcium deposits (Fig. 10). The latter are 
always on the inside of the envelope and parietal pleurectomy may well be 
advisable when dealing with calcium so that the whole plaque may be removed in 


Fig. 7.—‘‘False re-expansion” following 5 years of pneumothorax therapy. Complaints of 
tightness in chest, and fatigue. Progression of systolic cardiac murmur from Grade I to Grade 
IV with re-expansion. Following decortication, loss of symptoms and marked regression of 
murmur. 


Fig. 8.—Peel from patient shown in Fig. 7. There is demonstrated the reflection from 


visceral to parietal and diaphragmatic surfaces. The fibrous tissue composing the peel was 
rigid and relatively avascular. 
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Kig. 9.—Inactive tuberculosis. False re-expansion following 16 years of pneumothorax 
therapy. Decortication. A poor radiologic result. Clinically, patient has lost all preoperative 
symptoms of dyspnea, thoracic pressure, tachycardia, and frequent colds. 


| 


Fig. 10.—A woman, aged 48, with presenting complaints of thoracic discomfort, weakness, 
severe cough, intermittent “asthma,” and intermittent fever. Artificial pneumothorax compli- 
cated by fluid 30 years before. ‘False re-expansion.” Extrapleural exenteration and decorti- 
cation of sac containing large calcium plaque. The scanty fluid in the envelope contained vi- 
able tubercle bacilli. Today she is without symptoms. 
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toto rather than piecemeal. En masse removal is much to be preferred since 
it is almost impossible entirely to remove the calcium bit by bit. Remaining 
pieces act as foreign bodies and infectious complications are certainly more 
frequent under these circumstances. 


Fig. 11.—Diagrammatic sketch of surgical approaches. On the left is demonstrated the 
principle of extraparietal pleural dissection for the preliminary freeing of an empyema sac, 
or the direct approach to the hilum for pleuropneumonectomy. On the right is demonstrated 
a change from extrapleural to interpleural dissection by incision of the parietal pleura “at the 
corner.’’ True visceral pleural decortication can then be undertaken and the envelope removed 
en masse without spillage. 


EMPYEMA 


Decortication has made the greatest difference in the treatment of empyema. 


In acute pyogenic empyema, it has generally been considered proper to 
perform a preliminary surgical drainage. The empyema might well become 
obliterated, but this has been rare in our experience when the pyogenie infection 
was a complication of an established pneumothorax. Decortication would then 
be necessary after the empyema had become stabilized (Figs. 12 and 13). In se-- 
leeted instances, we believe that primary thoracotomy and decortication without 
preliminary drainage is a logical procedure. 


In chronic empyema from whatever source, one has but to remember the 
deforming extrapleural and Schede thoracoplasties of yesteryear to realize how 
much better off are these patients today. The surgical management of chronic 
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empyema in tuberculosis embodies the principle of attempting to remove the 
entire empyema sac or envelope without opening or spilling the contents. It is 
surprising how often this can be accomplished even with an empyema of 20 
years’ duration. This basic technique as stressed by Weinberg‘ and others was 
first independently employed by us in mid-1947 (Fig. 11). 


Fig. 12.—A 43-year-old man with inactive tuberculosis. Right bilobectomy and concomi- 
tant thoracoplasty 4 years before. Left pneumothorax complicated by pyogenic infection pre- 
viously drained. Patient dyspneic on slightest exertion. Resting pulse frequently over 100. 
Left chest fixed. Under hypothermia, extrapleural exenteration of empyema and decortica- 
tion. During the 5-hour operation, the pulse averaged 70. At present, the patient’s left thorax 
is movable and without draining sinuses. He is not dyspneic on moderate exertion, 


Fig. 13.—Cross section of peel from patient demonstrated in Fig. 12, The parietal seg- 
ment (below) was mobilized extrapleurally. The “corner” (to the right) was turned by 
sesl tak ep parietal pleura and developing a line of cleavage between visceral pleura and 

el (above). 


On the chest wall side, the parietal pleura is removed with the peel most 
of the time, a fact not generally appreciated. Actually, we do parietal pleurec- 
tomy from preference because a cleavage plane is far more easily developed 
extrapleurally than it is between pleura and peel; likewise there is much less 
chance of breaking into the envelope. With the outer portion of the empyema 
sae completely freed from the chest wall, there is sometimes difficulty because of 
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Fig. 14.—Chronic tuberculous empyema of 4 years’ duration. This was the earliest of 
our en bloc exenterations of an empyema sac. Performed April 4, 1947. There was no 
chemotherapy employed. 
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Fig. 15.—Opened mediastinal aspect of empyema sac from patient shown in Fig. 14, 
showing the rough and granular appearance of the inner surface of the envelope. Micro- 
scopically, this peel showed extensive tuberculous infection. 
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Fig. 16.—Far-advanced inactive tuberculosis with fibrotic right upper lobe. Left extra- 
pleural oleothorax. Right mixed infection empyema: pneumothorax, 15 years; tuberculous 
empyema, 13 years; pyogenic invasion, 3 months, controlled by aspiration and antibiotic in- 
jection. Total en bloc removal of empyema sac without spillage, and concomitant thoracoplas- 
ty, ribs 2-6. Patient now employed full time as a schoolteacher. 


Fig. 17.—Pure tuberculous empyema of 5 years’ duration. Fibrosis of right upper lobe. 


Extrapleural removal of empyema sac with visceral decortication was followed by poor ex- 
pansion. A secondary thoracoplasty was successful in obliterating the apical pocket. 
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Fig. 18.—Two views of empyema envelope from patient shown in Fig. 17. A, External 
or parietal surface. The diagonal rib markings are characteristic. B, Apical aspect. The two 
edges (or corners) where the dissection changes trom extrapleural to interpleural are particu- 
larly well demonstrated. 


Fig. 19.—A 39-year-old woman with inactive tuberculosis. Pneumothorax of nearly 12 
vears’ ‘duration and pure tuberculous empyema for an additional 3 years. Vital capacity, 
',500 cc. Maximum breathing capacity, 58.8 L. per min. Extrapleural mobilization of 
vmpyema sac and removal without spillage by visceral pleural decortication (operation by Dr. 
i > Hardy). An excellent result. There was a 25 per cent improvement in ventilation 

udies. 
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fullness of the sac. <A bit of technique sometimes forgotten is to plunge a large- 
bore needle with suction attached into the empyema cavity and remove fluid 
and/or air to the greatest extent possible. This will collapse the sae and there- 
after there will be plenty of room to work. The critical point of the operation 
employing pleurectomy is recognition of the exact line where the two pleurae 


Fig. 20.—The surgical specimen from patient shown in Fig. 19. A, Mediastinal (visceral 


pleural) aspect of empyema sac. 8B, Interior of sac showing shaggy fibrin and amorphous 
debris. 
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Fig. 21.—Destroyed lung and empyema sac removed together en masse by extrapleural ap- 
proach and pleuropneumonectomy. 
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themselves come into apposition. When this point is reached, further extra- 
pleural dissection is unnecessary and unwise. The cleavage plane should then 
be changed from extrapleural to interpleural and the hilar structures identified 
and freed. One can then come back on the visceral pleural surface and, by de- 
grees, complete a true decortication. When the technique is successful, a bag 


bmo pre 


Lt lobect 
Deceret— 


Fig. 22.—Pre- and postoperative roentgenograms of a patient who had left lower lobec- 


tomy and incidental decortication of the left upper lobe. The preoperative film gives no hin 
as to the extent of the peel. 


; Fig. 23.—The peel from patient shown in Fig. 22. It is 2 mm. in thickness, firm and 
inelastic. Satisfactory re-expansion of the left upper lobe would have been impossible without 
adequate decortication. 


filled with pus may be totally removed from the thoracic cavity without leak- 
age of contents. The advantages, particularly, in tuberculous infections, are 
obvious (Figs. 12-20). A natural extension of this means of treating empyema 
is the technique of Sarot’® in which the extrapleural separation is carried to the 
hilum and pneumonectomy performed. Thus, a destroyed lung and an empyema 
can be completely exenterated en masse without spilling (Fig. 21). 
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INCIDENTAL DECORTICATION ASSOCIATED WITH RESECTION 


The incidental or casual decortication which accompanies many resections 
deserves to be stressed. We found that this was significant enough to be de- 
scribed in approximately one third of our resections for tuberculosis in the 
series studied. In these, due either to a former pneumothorax, dry pleurisy, 
or what not, there had developed a thin, translucent, but inelastic glove over the 


Fig. 24.—Reappearance of tuberculous cavity following abandonment of technically ade- 
quate pneumothorax. Apical posterior segmentectomy, left upper lobe, and incidental decorti- 
eation of remaining lung. Note re-establishment of left costophrenic sulcus, postoperatively. 


Fig. 25.—The decorticate removed at operation on patient shown in Fig. 24. The peel is semi- 
transparent and edematous, but completely inelastic. 
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remaining lobes. Removal was thought necessary since the residual lung tissue 
would expand poorly and the success of the resection would become jeopardized 
thereby. 

The technique of the casual decortication is not difficult. The important 
point is to recognize that a thin, often translucent peel is present and that such 
peel is relatively inelastic. It is amazing how tough-fibered such peels are and 
it is highly gratifying to note the improvement of re-expansion following their 
removal. The proper cleavage plane is identified after meticulous incision 
of the peel with the lungs supported by moderate positive pressure. Small 
blunt gauze or cotton dissectors will disclose a glistening visceral pleura 
covered with minute punctate hemorrhages from the divided vessels enter- 
ing the peel. If an air leak develops, the visceral pleura is being dissected 
with the peel. This peel can be removed in strips and sometimes in fairly 
large flattened pieces corresponding to the entire external surface of a lobe. 
Fissures should be redeveloped and any tendency to infolding be corrected. 
In general, we have carefully dissected around any evidence of old sub- 
pleural disease, leaving the peel attached to these areas. Whenever any 
appreciable air leak has been encountered, it has been repaired, often using 
bits of the peel to oversew these areas (Figs. 22-25). 


RESULTS 


The results of operation have been quite satisfactory. In the group of 
104 patients whose decortication was the main operation, there were 4 deaths 
(3.8 per cent). A review of postoperative findings reveals 79 eases (77 per 
cent) were graded Good to Excellent. This means prompt pulmonary re- 
expansion with little or no haziness; a clear or slightly blunted cardiocosto- 
phrenie sulcus; adequate motion of diaphragm and thoracic cage, and a sat- 
isfactory improvement in pulmonary function studies in cases where these 
were made. 

Twenty-one cases (19 per cent) were graded as a Fair to Poor result. 
One cause was poor pulmonary re-expansion, usually associated with persist- 
ing pleural reaction, mediastinal shift, and elevated diaphragm (see Figs. 
9, 12, 13). In nearly every instance, the basic reason seemed to be prior 
extensive disease with fibrosis of the lung. Nearly all of these patients, how- 
ever, were greatly improved clinically in spite of the poor radiologic result, 
or failure to demonstrate improvement in pulmonary function. They lost 
the sense of pressure and tightness in their chests, were relieved of frequent 
aspirations, or became rid of a source of chronic infection. 

A second cause for a “Poor Result” was the persistence of pleural space 
infections with residual sinuses in the thoracie wall. All of these eventually 
responded to adequate drainage or secondary local plastic procedures. Two 
patients had a spread of the pulmonary tubereulosis. Both responded to 
antituberculous therapy and today are well. 

In the group of 133 patients whose decortication was incidental to re- 
section, there were 3 deaths (2.3 per cent). Good to excellent results were 
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recorded in 104 eases (78 per cent). The complications in 26 cases (19.7 per 
cent) were considered primarily the result of the resection rather than of 
the decortication. 

Unfortunately, we cannot present a large number of pre- and_post- 
operative pulmonary function studies. In the past,’° a fear has been ex- 
pressed that some poorly expansible lungs might actually be a detriment to 
the patient, postdecortication, because of decreased ability to oxygenate blood. 
We have seen no patient in which this became clinically evident. It is our 
belief that living aerating lung, even though poor functionally, is a better 
“filler” for the hemithorax than are inert plasties or organizing blood and 


serum. 


SUMMARY 


1. A study has been made of 237 patients undergoing decortication dur- 
ing the past 10 years. In 104 of these, decortication was the main operation; 
in 133, it was incidental but an important adjunct to the more major re- 
section. The over-all mortality was low (2.9 per cent) and the results gen- 
erally satisfactorily. 

2. Relief of thoracic discomfort and dyspnea, removal of sources of 
actual or potential infection, and adequate hemithoracie restitution were 


recorded in 77 per cent. 

3. Decortication has been indicated in the following general classifica- 
tions: the unexpandable lung due’ to long-term pneumothorax therapy, or 
primary pleural effusion; the “false re-expansion” ; pyogenic, pure tuberculous, 
and mixed infection empyema; decortication incident to resection. 

4. The technical details of decortication in the various categories have 
been described. 

». It has been stressed that frequently decortication may necessarily be 
combined with pulmonary resection and/or thoracoplasty depending upon 
the status of the underlying lung (bronchial stenosis, fibrosis, active tuber- 
culous infection, clinically evident bronchiectasis). 

6. Properly employed, decortication with or without parietal pleureetomy 
has proved itself a safe and effective procedure in treating the pleural eom- 
plications of pulmonary tuberculosis. 
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DISCUSSION 


DR. JOSEPH GORDON, Albuquerque, N. M.—I should like to carry on the dis- 
cussion which vou have just heard regarding the thin membranous peel reported in some 
types of cases. In decortication done for re-expansion, if the cortical peel is not carried 
down to the visceral pleural surface this thin membranous material, that looks almost 
exactly like visceral pleura, may be left behind, and the re-expansion is not nearly so 
good. When this membranous pee! is removed, unfolding of the lung occurs, yielding 
maximum inflation. I should like to show some slides of this thin membranous material. 

Dr. Samson showed in his second slide the thick visceral cortical peel removed, and 
evident in only one area was a portion of the small, thin membranous material. 

(slide) In this particular slide, we show the dense cortical peel and the thin mem- 
brane which you can readily see. 

(slide) In this next slide is shown the thin membrane that is removed separately, 
showing a moderate amount of elastica. 

(slide) On further examination of this peel, in the next slide, we see these pleural 
clefts, large ovoid space in which there is a group of cells which are mesenchymal in 
origin, This is the thing which in my opinion is responsible for the development of an 
unexpandable lung. The details of the method by which the lung remains unexpanded 
have not been thoroughly explained. The primary development of this membrane over 
the collapsed lung is apparently the cause. 

(slide) One can see another of the clear spaces with the small blood vessels con- 
tained therein. These mesenchymal cells therefore are not arising from the blood vessel 
itself but are a separate entity. 

There apparently is some trigger mechanism which is not yet clear and which, when 
the lung is under collapse, apparently causes this membranous material to develop. This 
thin membrane, not unlike the visceral pleura, holds the lung down so that it cannot 
re-expand. From this point onward it is easy to explain why we have the development 
of a dense cortical peel. The fibrin organizes into fibrous tissue and the lung is obliged 
to remain down. But, in order for this to occur, it is necessary for something to prevent 
the lung from fully re-expanding as it normally would. The membranous development 
may happen whether it is a hemothorax, whether it is a pyogenic empyema, whether it is 
long-standing pneumothorax with the presence or absence of fluid. I bring this to atten- 
tion so that it might be given further study in other areas. 


DR. ELMER P. R. MAURER, Cincinnati, Ohio.—I would like to emphasize the 
superiority of complete extirpation technique over that of simple decortication. My 
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associate, Dr. Mendez, and myself during the past 5 years have preferred complete ex- 
cision of the pleural pocket, regardless of the etiological background. I would like to 
show a few slides to illustrate the method. 

(slide) This individual had a massive fibrohydrothorax of several years’ duration. 

(slide) This shows the complete pocket. We make the same effort as described by 
Dr. Samson to free the pocket in the extrapleural plane from the thoracic parietes all 
the way around to the midpleural reflection. We also free it from the. diaphragm and 
then deliver the pocket with the attached lung out through the chest incision. If the 
lung is then placed on positive pressure it can be used as a “dissecting board” for con- 
ventional decortication. 

This slide shows the pulmonary aspect of the hydrothorax pocket; (slide) the chest 
wall aspect; (slide) postoperative film 10 days after operation. 

(slide) This is a massive infected oleothorax, instituted therapeutically in 1940 
and removed by us in 1953. The tremendous size of the pocket is obvious. 

(slide) A tuberculous empyema which was completely removed. 

(slide) Chest wall surface of a large pocket, the etiology of which we did not know 
until it was completely removed. 

(slide) After examination of the specimen in the laboratory, we were extremely 
pleased that we had used the circumferential excision technique because this lesion was 
due to blastomycosis. 

We certainly feel that the technique for complete removal of the pleural pocket is 
surgically sound and attended with minimal blood loss. It obviates contamination that 
would be unavoidable by the conventional decortication procedure and permits more 
rapid and complete return of normal chest wall and lung function. Contamination in 
the last case presented would have been disastrous. 


DR. DAVID H. WATERMAN, Knoxville, Tenn.—As the result of the work of Paul 


Samson and the others who re-introduced decortication during World War II, this pro- 
cedure needs no defense before our Association. 

I am particularly gratified that Dr. Samson has had. an experience comparable to 
ours in false re-expansion. No residual pleural space need be present in order to do a 
successful decortication, as he pointed out. When we presented our work on decortica- 
tion before this Association 2 years ago, we showed that progressive return of pulmonary 
function in such cases would continue to take place over an 18-month period. 

As to empyema, I would like to again pay tribute to the late Dr. Carl Eggers, 
former President of this Association, for his brilliant pioneer work in decortication after 
World War I. He successfully performed the same operation we are doing today in both 
tuberculous and nontuberculous empyema without, of course, the benefit of antibiotic 
protection. 

There was considerable interest manifested in the cases of decortication for malig- 
nancy which we included in our series 2 years ago. Of the 5 cases presented, the first 
was done in 1945. Since the report we have performed several cases, one of which I 
should like to present at this time. 

(slide) The patient was a 49-year-old woman who had a 3-month history of progres- 
sive dyspnea and chest pain, and who presented herself with this pleural effusion on the 
right side which required repeated aspiration. Cytologic examination of the pleural fluid 
for malignant cells was negative. When the chest was opened to obtain a pleural biopsy, 
the nature of the peel was felt to warrant a decortication. Grossly, the thickened pleura 
was indistinguishable from that found in cases of persistent tuberculous effusion. Micro- 
scopically, it was found to be metastatic carcinoma. 

(slide) This is the x-ray of the chest some 5 months after decortication. The 
pleural space is completely obliterated, the right lung appearing quite normal. The pa- 
tient is entirely free of symptoms, has gained weight, and is working regularly. The 
primary site of the carcinoma is still not apparent. 

(slide) This is the thick peel removed at decortication. I think you will agree that, 
with such a peel, the effusion would not respond to conservative therapy such as intra- 
pleural nitrogen mustard. 
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ACHALASIA OF THE ESOPHAGUS: FURTHER THOUGHTS 
ON SURGICAL MANAGEMENT 


Wm. M. Tuttle, M.D., Robert T. Crowley, M.D. (by invitation), and 
Raymond J. Barrett, M. D. (by invitation, ) Detroit, Mich. 


Pl pesnages of the esophagus is not a new disease. Purden' (1821) is usu- 
ally thought of as the first to deseribe it. Hurst,? in 1934, stated that 
Willis had reported a patient, who was obviously one with achalasia, over 
a century and a half before Purden’s report. 

As was common to all disorders of that type located in portions of the 
body beyond the reach of surgery at that time, nothing was done. Both of 
the reports were made on the basis of autopsy material. 

It required time to come to conclusions on an operative approach. This, 
apparently, came at the turn of the nineteenth and twentieth centuries. 

Throughout the first decade of the twentieth century, various and sundry 
procedures were done, such as plication of the esophagus in an attempt to 
narrow the size of the lumen and, also, the removal of strips of the esophagus 
in the hope of the same result.** These were not altogether successful. In 
1910, Wendel®> performed an operation in which an incision was earried 
through the entire layer of the lower esophagus and upper stomach at the 
gastrocardiae junction in a vertical line and then sutured the mucosa and 
the muscularis in layers horizontally. Such an operative procedure had 
been suggested by Marwendel® some years previously. 

Heller? (1918) suggested and performed an anterior and_ posterior 
myotomy of the esophagogastric junction. The incision was carried only 
to the mucosa. He felt that the double incision was needed, in the fear that 
scarring postoperatively along the incision might well lead to a return of 
symptoms from further narrowing. 

Heyrovsky® (1912) performed an esophagogastrostomy, in which the 
fundus of the stomach was anastomosed to the esophagus in the side-to-side 
line. The idea was the result of previous experimental work done on ani- 
mals. 

In 1915, Girard® performed, on 2 patients, a modification of the Wendel 
type of procedure, in which only the muscularis of the upper portion of the 
eardiogastric junction and the lower portion of the esophagus was incised 
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down to the mucosa and then the layers were sutured in a transverse direction. 
This, apparently, was successful in both instanees. Ferdet and Weber'® 
had suggested a similar proceedure some 5 years before. Apparently Girard 
did not report his operative approach or his results, and, consequently, the 
approach lay buried for a number of years. 

Throughout the remaining two decades, direct approach to the disease 
covered in this discussion was, with the exception of sporadic attempts, given 
up, and the treatment for achalasia became almost routinely one of bougien- 
age and other methods of dilating the cardiogastrice sphincter area. As time 
advanced, it became evident that dilatation by bougienage was not always 
the answer to the problem and, while the results of such procedures were 
glowing in the earlier reports, they apparently did not completely relieve, in 
many instances, the individual’s difficulty. In the year 1940, Ochsner and 


Fig. 1. Fig. 2. Fig. 5. 


Fig. 1—This drawing shows the line and position of the incision through the muscularis. 

Fig. 2.—The incision through the muscularis of the esophagus and the muscularis and the 
serosa Of the cardia of the stomach. The incision is actually somewhat longer than has been 
depicted by the artist. 

Fig. 3.—The extramucosal layers sutured in a transverse direction. 


DeBakey™ reported 3 patients operated upon by a direct approach and gave 
an excellent review of the literature to that date. The paucity of cases re- 
ported from this large clinic would indicate that there was not an extensive 
amount of direct surgical approach to achalasia of the esophagus being done. 
At the conclusion of World War II, a revived interest in this problem ex- 
pressed itself, and there were at that time numerous reports of various opera- 
tive procedures being carried out to alleviate the obstructive process at the 
lower end of the esophagus. <A long-time follow-up of these procedures, 
which, at that time, were mainly those following the pattern of Wendel and 
Heyrovsky, were not actually reported by the original authors, but a very 
definite swing to the Heller type of operative approach would lead one to 
believe that the results were really not as good as those brought forth in the 
original articles. 
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In our own experience during this period from 1945 until 1949, opera- 
tive procedures in which the entire wall of the esophagus and the stomach 
were incised and then sutured in a transverse direction, or those in which a 
side-to-side anastomosis between the esophagus and the fundus was done, 
did not give satisfactory end results. The incidence of esophagitis was high 
and, in several instances, ulceration along the suture line led to hemorrhage. 
Two of these were fatal. In other patients, it was necessary to break down 
the anastomosis, resect the lower end of the esophagus, and do an esophago- 
gastrostomy. Here, too, the results were not good. Regurgitation with 
esophagitis was frequent, and the patient was probably more uncomfortable 
than before the operation. It was because of this, and these unfortunate 
experiences, that we reverted to the procedure described by Girard in 1915. 
At the time the first of these were done we were not aequainted with Girard’s 
work. 


MATERIAL 


Such an operative approach has now been carried out on 36 individuals. 
All of these people had had symptoms for a number of years, the longest 
being approximately 30 years. The vast majority, and in the total series 
during its early period of use, had been dilated on either one or numerous 
oeeasions. Later our thinking has been modified in this direction that, re- 
gardless of dilatation, if the esophagus is large and sigmoid in character, 


such a patient is deemed more suitable for the direet operative approach, 
rather than attempt at bougienage because of the dangers of splitting the 
esophagus or tearing it in either the introduction of the bougie or from the 
pressure built up in the various hydrostatie or pneumostatie bags used in this 
type of dilatation. 


RESULTS 


As was stated above, 36 patients were so operated upon. In 33, the results 
were good; in 2, poor; 2 are dead. No classification of “excellent” in the field 
of results is reported here, because it is the feeling of the authors that no 
result in esophageal surgery can be considered altogether exeellent. The 
classification of ‘‘good’’ has been used to mean that the degree of dysphagia 
has been markedly or completely removed and that there is no evidence of 
regurgitation and esophagitis. In the 2 individuals classified as a poor result, 
the reason was that there was continued dysphagia in 1 and in the other there 
was a bothersome reflux esophagitis, which later required further operative 
procedures, namely, esophageal resection and esophagogastrostomy. The end 
result in the latter case is still a problem. The patient still has esophagitis 
and is, in reality, while still alive some 9 years later, a most unhappy person. 
The first patient classified as poor has had no further operative procedures, 
but has been followed with bougienage with the mereury-filled bougie. She 
does fairly well under this regime. A report of the 2 patients who died follows: 
The first died on the tenth postoperative day from a fulminating mediastinitis 
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as a result of perforation of the esophagus some 4 inches above the operative 
site. The reason for this could never be accurately determined. The second 
patient actually had an excellent result as far as the operative approach was 


concerned, but died 214 years later from a coronary thrombosis. The remain- 
ing 32 patients are, apparently, well. 


Fig. 4.—The roentgenograms reveal on the right. the preoperative appearance of the esophagus. 
The postoperative appearance is to the left. 


DISCUSSION 


The true cause of achalasia of the esophagus, in the thinking of these 
authors, is still undetermined. Numerous etiological factors have been sug- 
gested but in no instance, according to our feeling, have they completely filled 
the etiological bill. A list of these causes may be seen in Table I. Within 
recent years, the neurological degeneration theory has seemed the most 
popular. Still, as regards this theory, there seems to be a rather large amount 
of disagreement. It has been thought that the degeneration of the plexus 
of Auerbach is one of the prime causes of the disease, for it has been to the 
action of this plexus that motility in the lower portions of the esophagus is 
attributed. Studies of the motility of the entire esophagus have been carried 
out by the use of air-filled and fluid-filled balloons. It has been demonstrated 
by Flood’? and his associates that even in achalasia there is still considerable 
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motility in the lower end of the esophagus as recorded by their readings and 
by the ability of the esophagus to promote propulsion of the balloon down- 
ward. On the other hand, Olsen'® and his associates have felt from their 
experimental work that the diagnosis of achalasia can be accurately made 
by the lack of motility in this portion of this organ. It well may be that, in 


Fig. 5.—The preoperative appearance of the esophagus is revealed at the left. The postopera- 
tive view of the esophagus, made approximately 1 year later, appears at the right. 


those instances in which the esophagus is markedly dilated, the size of the 
balloon was actually insufficient to stimulate the esophageal wall to contrac- 
tion. It must be further realized that in any study of the wall of a markedly 
dilated esophagus, in which the number of islands of the plexus of Auerbach 
is counted, that the paucity of the aforementioned may be due to the greatly 
increased area of the esophageal wall. It would appear that there is no way 


TABLE I. PROBABLE CAUSES OF ACHALASIA 


1. Dysfunction of nerve supply 
A. Vagal influence 
B. Parasympathetic influence 
C. Degeneration of plexus of Auerbach 
2. Hypertrophy of the cardiac muscle 
3. Hepatogastric ligament 
4. Compression from other sources 
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to obviate this error from a statistical standpoint. The only true method 
is probably that in which it is adequately demonstrated that there has been 
actual degeneration of the plexus bodies. 

In the various patients upon whom we have operated, we have been al- 
most uniformly impressed by the fact that the musculature in the region of 
the cardiogastrie junction is not of normal ealiber; in fact, in some instances, 
it is markedly thickened and has the appearance of the pylorie sphineter in 
children with pylorospasm. This observation has led us to believe that there 
is much more to the theory of hypertrophy of the musculature in this area than 
has been previously credited. It is difficult to justify the presence of a partially 
atonie muscle above the sphincter and markedly hypertrophied muscle over the 
sphinctal area on the basis of neurological degeneration. It would seem to us 
that the reverse is probably true and that the muscle in this area thins out under 
the pressure of long retained food and mouth secretions, because of a markedly 
hypertrophied muscle at its lower end. 

It was because of these considerations and observations, as stated in the 
above paragraph, that we felt that an operative approach such as has been 
used by us would do two things. First, it would allow the sphincter to become 
open so that deglutition would be possible and comfortable and free from 
distress; and, second, that sewing the muscle in a transverse direction would 
cause enfolding of the gastroesophageal mucosa in such manner as to afford 
a type of sphincter or stop-gap against reflux in this area. The fact that in 
35 of the 36 patients there has been no reflux, as demonstrated either by the 
patient’s symptoms or by roentgenologic examination, would lead us to feel 
that we are correct in our major premise. 

Earlier in this article, it was mentioned that it was our feeling that, 
perhaps, it is unsafe to do dilatation in the presence of a markedly dilated 
or sigmoid-type esophagus, because the musculature of the esophagus is 
extremely thin and perforation is, theoretically at least, highly probable. In 
fact, this thought is borne out by a report from the Mayo Clinic™ in which 
there were ten perforations in 550 patients dilated. This, as will be seen, 
is a perforation incidence of approximately 2+ per cent. With modern tech- 
niques, the fatality rate in the direct approach does not approach or exceed 
this level. Therefore, it has been our practice, when such an individual, 
namely one with a so-called megaesophagus, is encountered, even though 
dilatation has never been carried out, to use the direct approach rather than 
attempt dilatation. In the main, the patient is more satisfied with the re- 
sult, and I am certain that the physician is as well. We do not mean by the 
former statements that we are entirely against dilatation, because that is not 
the case. In those individuals with a moderately dilated esophagus, but in 
which the esophageal wall appears to be adequate, dilatation can be carried 
out with a good degree of success. If it fails, then the patient is placed in the 
group who are thought to be benefited only by a direct approach and this 
has been carried out. It is an interesting fact that individuals with long- 
standing esophageal disease are oftentimes not exact when evaluating their 
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own disease. They have become so accustomed to having difficulty in swallow- 
ing that it becomes like a cross which they are willing to bear and little 
attention is paid to it. It is not, in many instances, until these patients are 
operated upon and an adequate lumen is established that they for the first 
time realize the true nature of the difficulties which they have been experi- 
encing for many years. It is not uncommon after the adequate lumen has 
been established to have the patient, of his own volition, volunteer the in- 
formation that he never realized before what it was to swallow so comfort- 
ably. 


CONCLUSION 


1. Thirty-six patients with achalasia of the esophagus were operated upon 
by us from 1949 until 1958. 

2. Thirty-three of these patients have had a good result. In 2, the result 
was poor. Two are dead. 

3. A modification of the Heller procedure has been described and has 
been used by the authors in the feeling that a pseudosphineter at the lower 
end of the esophagus is thus established and that regurgitation of gastric 
secretions and subsequent esophagitis is reduced. 
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DIscuSSION 


DR. HENRY L. HEIMLICH, New Rochelle, N. Y.—We have been successfully using 
a reversed gastric tube for replacing the esophagus. In this procedure, which is being 
shown in detail in the motion picture section of this meeting, a tube is created from the 
greater curvature of the stomach. The tube, which remains attached near the cardia, is 
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reversed in direction, and brought to the neck subcutaneously, retrosternally, or intra- 
pleurally. The gastric tube is anastomosed to the cervical esophagus. Peptic esophagitis 
does not oceur, because the antrum of the stomach, which does not secrete acid, forms 
the part of the tube that is anastomosed to the esophagus. This has been confirmed 
clinically in patients followed up to 7 years by Dr. Dan Gavriliu. Microscopic sections 
through the esophagogastric junction showed no evidence of inflammation in the esophagus 
in those of my own patients who have died of metastatic carcinoma several months after 
operation. I would like to suggest that patients with peptic esophagitis or achalasia, 
when other procedures have failed, and patients with bleeding esophageal varices, may 
be benefited from esophageal replacement with a reversed gastric tube. In these cases, 
a shorter reversed gastric tube than that used in the treatment of carcinoma may be the 
procedure of choice. 


DR. MARK M. RAVITCH, Baltimore, Md.—Dr. Tuttle’s interesting paper touched 
on the question of the hiatus which existed for some 30 odd years after Heller’s work, 
until we all again became aware of it through the paper of Barrett and Franklin, some 
10 or 12 years ago. Dr. Felix Steichen and I were interested in trying to find the reason 
for this temporary eclipse of what seems to be a good operation. As Dr. Tuttle said, 
Gottstein from Mikuliez’ Clinic in 1901 suggested the operation, but did not perform it, 
and it was Girard who actually did perform the first successful extramucosal cardiomyot- 
omies. This Girard of Berne was not, Mr. President, with reference to your remarks 
of this afternoon, a specialized surgeon. Among other things, he performed two success- 
ful hemipelvectomies before anyone else had done so. 

We then tried to write to Heller’s scientific descendents and were surprised after 
some time (slide) to get a letter from the Russian Zone from Dr. Heller, who sent this 
photograph of himself that he was writing from Leipzig, “wo ich doch labe’’ using this 
form rather than “wohne.” Dr. Heller said that he had never had any misgivings about 
the operation, that he had never ceased to-perform it and with continually good results, 
but that he had never been able to convince his own countrymen of its value, whereas 
the French had taken up the operation at once and had continued to perform it ever 
since. As Dr. Tuttle and many of you know, Santy of Lyons, D’Allaines of Paris, and his 
pupil, Lortat-Jacob, have enormous personal series of the Heller operation. They raised 
the point, and in conversation with Mr. Phillip Allison this point was raised again, that 
poor ‘results after the Heller procedure, particularly esophagitis, are probably due to 
the presence of a hiatus hernia, either pre-existing and unsuspected, or one produced in 
the course of operative manipulation. The French go so far as to suggest that the hiatus 
should regularly be tightened and that, perhaps, frequently the stomach should be sutured 
back to the esophagus, reconstructing the acute angle of His. 


DR. RICHARD H. SWEET, Boston, Mass.—There is not very much time left at this 
session so I will confine my remarks to just a few comments. I have used the Heller 
operation with preeminent success. I have known of Dr. Tuttle’s interest in this pro- 
cedure, the Girard operation. I have not felt, in my experience at least, that I have 
needed it, because I have not been aware of the results of regurgitation and esophagitis 
and so on. On the other hand, when we stop to think about it, there are two distinct 
anatomic types of achalasia of the esophagus; the type of which Dr. Tuttle showed two 
examples is the type on which I always use the Heller operation. In that type, the lower 
end of the esophagus is characterized by preeminently thickened, almost sphincter-like. 
hypertrophied circular muscle. I think, though, that I tend to make an incision through 
the muscularis even longer than Dr. Tuttle does, and I would be a little fearful about 
restoring the anatomic relation. 

On the other hand, in the other type of achalasia, which is characterized usually 
by the enormous dilatation of the esophagus with its sigmoid tortuosities, we usually 
find, as you know, a very thin-walled atrophic distal end proximal to the cardia. (Of 
course this disease has nothing to do with the cardia whatsoever). In that group, it 
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seems to me that this suggestion of Dr. Tuttle’s might be very valuable indeed, because 
it would overcome any temptation to open the lumen and suture the other way. This, 
it seems to me, might be ideal. 

As Dr. Ravitch said, I, too, have found hiatus hernia in a number of these patients, 
and have made a point of repairing it, and that may be a factor in our not seeing regurgi- 
tation following our use of the Heller operation. 


DR. LAMAR SOUTTER, Boston, Mass.—I think this is a very interesting paper of 
Dr. Tuttle’s. I would like to ask him one question, that is, whether he has had any 
difficulty in suturing that thickened muscle transversely. It is also well worth while to 
re-emphasize one point, that is, that the Heller operation consists of both an anterior and 
a posterior incision in the muscularis. Most people in this country think it is only an 
anterior incision. Recently, in fact, someone suggested to me that he was going to 
modify the Heller operation by doing it anteriorly and posteriorly as well. I have done a 
number of modified Heller operations with reasonably good results. There is, however, 
a simpler effective method of curing achalasia which I think should not be overlooked. 


(slide) That is the use of some form of internal rupture of the circumferential 
muscle fibers by means of an expanding pneumatic bag. The difference between this type 
of dilatation and that with a bougie is that the bougie is smaller in circumference (a No. 
45 is the largest which can readily be passed and measures 45 mm. in circumference over 
but a short area), whereas the bag measures 107 mm. for a length of 15 mm. when fully 
expanded. 

(slide) The bag should not be used on anyone who has scarring inflammation, or 
carcinoma of the esophagus or the results may be disastrous. When we place the bag in 
position under the fluoroscope, we take a spot film which you can see here, showing the 
bag indented by the hypertrophied muscularis. 


After expanding the bag three times at intervals of a minute to a pressure of 15 
pounds, we retake the spot film to show (slide) that it is in the correct position and no 
longer indented. What happens to the crura with this treatment? I do not know. A 
gastrointestinal series taken before discharge from the hospital is necessary to demon- 
strate the ready passage of barium into the stomach. 


(slide) I thought this might impress you to show the difference in the length of 
time these patients are in the hospital and the hospital cost depending on whether they 
are treated with the bag or by the Heller operation. For the simpler procedure, the stay 
is one third as long and the cost less than one quarter of what it is for the Heller opera- 
tion. The Blue Shield charge is $10 for the former, $150 for the latter. We have, on a 
brief follow-up, had good results in 10 out of 12 patients. 


MR. R. H. R. BELSEY, Bristol, England.—Dr. Blades, I should like to thank you 
very much indeed for the privilege of being a guest at this meeting. This has been a 
very interesting discussion and I think the consensus is that the Heller operation is an 
excellent one. Dr. Ravitch and Dr. Sweet stressed the importance of the co-existence of 
an hiatus hernia with achalasia; in these cases, relief of the obstruction by a Heller 
procedure will most probably lead to esophagitis. Dr. Sweet has also stressed the point 
that the majority of people now make a longer vertical incision through the esophageal 
muscle, and to perform the operation from above involves some mobilization of the cardia. 
If this mobilization is carried out with gay abandon it may lead to the development of 
an hiatus hernia later, unless the normal valvular mechanism at the cardia is restored 
after the Heller procedure. Failure in the past to undertake this step has, to my mind, 
been one of the main reasons for the development of postoperative esophagitis, and 
failure of the operation. 

I was sorry that nobody raised the important problem of carcinoma complicating 
achalasia. In my own series of 54 cases of achalasia, there have been 7 cases of squamous- 
cell carcinoma, an incidence of about 12 per cent. Three of the patients were found to 
have growths while being investigated for the achalasia; it is an interesting fact that 
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the other 4 patients had had Heller operations performed 18 months to 4% years previ- 
ously. The growth may well have been present at the time of the original operation, but 
obseured by the retention of esophagitis. 

What moral is to be drawn from all this I do not know, unless it be that one should 
try to get cases earlier by emphasizing to physicians the premalignant nature of the re- 
tention esophagitis that complicates achalasia, and the importance of early control of 
the esophagitis by prompt relief of the obstruction. 


DR. TUTTLE (Closing).—In answer to one question asked—in the 2 cases shown, 
both patients had been dilated on numerous occasions over considerable periods; 1, for 
15 years and 1 for 17 years, probably on an average of about six or eight times a year. 
Now, six or eight times ten times 15, exceeds the $459 fce which was the surgeon’s 
charge, so actually they are not getting off too well with the $10 dilatation fee. I have 
one of those bags, too, and I use it on occasions. I do not think that any patient with 
a single achalasia should be operated upon until dilatation has been given a chance. In 
the so-called megalo-esophagus I do not believe it is safe to try to dilate that type of 
lesion, because of the possibility of rupture, and even in a clinic where they have expert 
endoseopists such as the Mayo Clinic, they have 2 per cent perforations average in one 
report. 


I want to thank Dr. Belsey for discussing the paper, and also the other discussers. 


